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SUPPLEMENTS TO THE MONTHLY WEATHER REVIEW. 


During the summer of 1913 the issue of the system of publications of the Department of Agriculture was changed 
and simplified so as to eliminate numerous independent series of Bureau bulletins. In accordance with this plan, 
among other changes, the series of quarto bulletins—lettered from A to Z—and the octavo bulletins numbered 
from 1 to 44—formerly issued by the U. S. Weather Bureau have come to their close. 

Contributions to meteorology such as would have formed bulletins are authorized to appear hereafter as Supple- 
ments of the Monraty WeatHer Review. (Memorandum from the office of the Assistant Secretary, May 18, 1914.) 

These Supplements comprise those more voluminous studies which appear to form permanent contributions to 
the science of meteorology and of weather forecasting, as well as important communications relating to the other 
activities of the U. S. Weather Bureau. They appear at irregular intervals as occasion may demand and contain 
approximately 100 pages of text, charts, and other illustrations. Copies may be procured at the prices indicated 
below by addressing the Superintendent of Documents, Government Printing Office, Washington, D. C. 
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AN AEROLOGICAL SURVEY OF THE UNITED STATES. 


PART I. RESULTS OF OBSERVATIONS BY MEANS OF KITES. 
By Witus Ray Greee, Meteorologist. 


INTRODUCTION. 


This “survey” will probably never be brought to a 
point where “Finis” can be written. It will always be 
possible to add to our knowledge of this, as of any other 
subject, although undoubtedly an increasing amount of 
data and the introduction of new and improved methods 
of observing will eventually make possible a fairly close 
approach to an accurate final conception of the charac- 
teristics of the free air. It might be contended that it 
would be better to delay publication until this state is 
more nearly realized than at present. But it is often 
true that discussion of results, as they are published from 
time to time brings out many points that would other- 
wise have been overlooked and makes possible a com- 
parison of these results with those obtained in other parts 
of the world. Another consideration is the desirability 
of publishing data while they are comparatively new. 
Especially is this true at the present time so far as free- 
air conditions are concerned, because of the rapid devel- 
opment of aviation and the corresponding urgent need 
for information of benefit toit. It is, therefore, proposed 
to publish the results of free-air observations in the form 
of summaries as rapidly as the amount and character of 
the data obtained justify such a procedure. The present 
summary gives the results of observations made in the 
United States by means of kites up to and including the 
year 1920. For the most part the data are those obtained 
at the six stations established by the Weather Bureau 
during the period 1915 to 1918, but in figures 4 to 12 
mean values have been used as determined from observa- 
tions at Mount Weather, Va., and Blue Hill Observatory,' 
Mass., in order to give as complete a picture as possible 
of free-air conditions over the United States east of the 
Rocky Mountains. At a later time a review of pilot- 
balloon observations will be presented; also a study of 
the diurnal variation of the meteorological elements in 
the free air as determined from observations made duriag 
continuous series of kite flights. Finally, it is hoped that 
a treatise may be prepared which shall be based upon all 
of these separate compilations and discussions, as well 
as others not mentioned here, and which shall constitute 
in truth “an aerological survey of the United States.” 


THE KITE STATIONS—-LOCATION, LENGTH OF RECORD, ETC. 


In 1914 the work with kites theretofore conducted at 
Mount Weather, Va., was transferred to Drexel (near 





‘This research institution was organized and conducted by the late A. Lawrence 
Rotch. Since his death it has been taken over by Harvard University. 


Omaha), Nebr., and observations were begun at the latter 
place in the autumn of 1915. During 1917 and 1918 
five additional kite stations were established under 
authority of a special act of Congress providing for aero- 
logical expansion in aid of aviation. Rather detailed 
descriptions of all of these stations have been published 
in MonTHLY WEATHER REVIEW SuPPLEMENTsS as follows: 
Drexel, Nebr., No. 3, pages 29-32, 1916; Ellendale, 
N. Dak., No. 12, pages 12-13, 1918; Broken Arrow, 
Okla., and Royal Center, Ind., No. 14, pages 8-11, 1919; 
and Groesbeck, Tex., and Leesburg, Ga., No. 15, pages 
10-13, 1919. The essential facts, so far as the present 
summary is concerned, are given in Table 1, which also 
contains similar information for Blue Hill, Mass., and 
Mount Weather, Va.: 




















TAaBLe 1, 
_ Period of observation 
Alti- | Lati- | Longi- | (inclusive). 
Station. tude, | tude, | tude, 
msi} N. | W. 
From— To— 
— ! — —$$<—$_ 
™m. a , o 7, } 

Broken Arrow, Okla............... 233 | 3602)| 9549 Aug. 1918 | Dec., 1920 
Drexel, Nebr., Nebr.-........--.--. 396 | 41 20) 96 16 | Oct., 1915 Do. 
Ellendale, N. Dak...............--. 444; 4559/ 98 34 Jan., 1918 Do. 
On Freee ee eee 141 | 3130 | 96 28 | Oct., 1918 Do. 
MOGTRUER, GO. 20 dncidbencdecsope eed 31 47| 84 14/| Mar,, 1919 | June, 1920 
Royal Center, Ind.................- 225 | 40 53 86 29 | July, 1918 | Dec., 1920 
ED Sh Bh aoncnotesseersnntn 195 | 4213) 71 07 1806 1903 
Mount Weather, Va................ 526 | 39 04 | 77 53 | July, 1907 | June, 1912 





NUMBER AND DISTRIBUTION OF OBSERVATIONS. 


At the six stations maintained by the Weather Bureau 
since 1915 kite flights have been made daily, whenever 
possible, during the periods indicated in Table 1. Failures 
were due as a rule to lack of sufficient wind; occasionally 
to various other causes, such as very high wind, severe 
rain or snow storms, lack of electric power, etc. The 
total number of days on which flights were made is given 
jn the first line for each station in Table 2; expressed in 
percentages of all days in the periods covered, the values 
are as follows: Drexel, 93; Ellendale, 89; Groesbeck, 83; 
Broken Arrow, 71; Royal Center, 67; and Leesburg, 50. 
The average heights reached at the different stations are, 
in meters above sea level: Drexel, 2,889; Ellendale, 2,715; 
Royal Center, 2,420; Groesbeck, 2,288; Leesburg, 2,175; 
and Broken Arrow, 2,127. The greatest heights are: 
Drexel, 6,843; Groesbeck, 6,245; Ellendale, 6,156; Lees- 
burg, 5,860; Broken Arrow, 5,722; and Royal Center, 
5,246. Table 2 also shows the number of days on which 
the flights reached or exceeded certain specified levels. 
Upon these observations are based the values given in 


Tables 4a to 5f; also in figures 1 to 3. 
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2 SUPPLEMENT NO. 20. 


Taste 2.—Number of observations on which are based the mean values 
given in Tables 4a to 5f. 
BROKEN ARROW, OKLA. 















































































































































eo 3 | | | . 2 ‘ 
Cp. _e i , g = eid | 
Se, /iPidi. BP | | 5 
Sa 3: § E\¢ aei-leé . E ° 5 
2082/4) B32) 8\2| 6 sis 
< x. i ia! “i a4inini< B ome a 4 7) < e < 
m. | 
233 36 | 42 | 50 | 54, 45 | 51 | 38 | 49 | 51 | 70 | 69 | 62 |149 [138 [290 [140 617 
250 36 | 42 | 50 | 54 | 45 | 51 | 38 | 49 | 51 | 70 | 69 | 62 [149 [138 [190 |140 | 617 
500 | 36. 42] 60 | 54 | 45 | 51 | 38 | 49 | 51 | 70 | 60 | 62 [149 [138 j190 j140 | 617 
750 | 35 | 39 | 46 | 54 | 45 | 50 | 38 | 48 | 50 | 69 | 69 | 62 [145 |136 {188 |136 605 
1,000 | 33 | 33 | 44 | 53 | 45 | 47 | 36 | 45 | 47 | 64 | 64 | 58 [142 [128 [175 [124 | 569 
1'250 | 28 | 90/35 | 48 | 43 | 45 | 34 |-30 | 43 | 62 | 52 | 48 [126 [118 [157 [106 | 507 
1,500 | 17 | 22 | 27 44 | 42 | 28 | 20 | 87 | 38 | 20) 44 | 24 Las [0s fae | 72 421 
2'000 | 10 | 14 | 17 | 37 | 31 | 31 | 23 | 24 | 26 | 34 | 33 | 24 | 85 | 78 304 
2,500 7/10, 6| 24| 27| 21 | 15 | 21 | 19 | 23| 26| 14| 57| 57-68) 31, 213 
3.000' 3) 5) 3/15 16| 9} 7/11) 9/15/15] 8/34/27) 39/16) 116 
3,500| 2|..... 1) 7) 6] 2) 1) 5| 4) 20/ 7| 4/14) 8) 21) 6 49 
4000) 1 ooo i... 2) af. at} a} 6] 3] 4] 3} a] 9] 5 18 
4,500 |....|.... einace, Ba HIRE sont a Men Jaind S| 1] 1|....|.---| 6} 2 7 
5,000 |2222/2202/TT22 Sy a sae aoe aes sy eR si ape og 
DREXEL, NEBR. 
396 151 126 150 [145 [148 130 [138 [138 [142 |142 |160 [176 |443 [415 [444 1453 | 1, 755 
500 150 |126 150 |145 148 139 [138 |138 (142 (142 {160 [176 [443 |415 (444 [452 | 1, 754 
750 149 123 |149 |144 [148 [139 [137 |137 1142 142 159 |170 |441 |411 [443 442 | 1, 737 
1,000 148 /120 |144 |141 [145 136 |135 |130 [140 |142 [154 /167 |434 |401 [436 (435 | 1, 706 
1,250 143 117 |141 [133 [140 [132 ‘129 127 |184 |137 |151 |164 |414 [388 422 |424| 1/648 
1,500 |139 112 136 |118 129 |124 |121 |122 |129 |129 |146 |158 |383 [367 |404 409 | 1,563 
2,000 126 |100 113 |101 /116 /105 | 99 |100 |112 /111 |129 138 |330 |304 [352 |364 | 1, 350 
2,500 110) 88 | 96 | 79 | 96 | 81 | 83 | 86 | 90 | 96 (110 [118 (271 [250 [296 (316 | 1,133 
3,000 79 71 | 78 | 52 | 72 | 68 | 67 | 67 | 77 | 79 | 90 | 93 (202 [202 246 (243 | “893 
3,500 46/41 46 | 81 | 42/| 42 | 50 | 41 | 57 | 59 | 58 | 48 [119 [133 [174 [135 | 561 
4,000 25 | 16 | 20 | 14 | 16 | 24 | 25 | 18 | 28 | 21 | 30 | 22 | 50 | 67/79 63) 259 
4,500 4) 4 > 21) 9) 8/12/10) 2/12) 8) 8) 5 | 18) 24 28 13 | 83 
5,000 . Sit} dis 2) 2) 1/ 5}....) 2 2; 6) &| 7) 5) 23 
ELLENDALE, N. DAK. 
444 78 | 71 | 82 | 80 | 89 | 83 | 82 | 83 | 79 | 85 | 83 | 70 [251 [248 247 [298 | 974 
500 | 78 | 71 | 82 | 80 | 88 | 83 | 82 | 83 | 79 | 85 | 83 | 79 [250 [248 \247 [228 = 973 
750 | 78 | 70 | 80 | 80 | 87 | 83 $2 | $3 | 78 | 85 | Si | 79 i247 [24s [aed [227 | 966 
1,000 | 75 | 69 | 78 | 77 | 85 | 81 | 78 | 82| 78 | 83 | 80 | 78 [240 [241 [241 [222) 944 
1,250 | 71 | 62 | 76 | 75 | 81 | 72 | 74 | 81 | 71 | 80 | 78 | 75 |282 [227 [229 208 | 896 
1,500 | 67 | 56 | 71 | 70 | 76 | 67 | 69 | 78 | 68 | 77 | 70 | 71 (217 [214 [215 194 | 840 
2,000 | 54 49 60 | 58 | 61 54 | 55 | 61 | 58 | 66 | 56 | 58 |179 |170 180 [161 | 690 
2°500 | 46 | 35 | 52 | 39 | 42 44| 41 | 50 40 | 54 | 43 | 44 [183 (135 [137 125 530 
3,000 | 32 | 26 | 40 | 28 | 33 32 | 29 | 42| 25 40 36 | 32 {101 {108 {101 | 90 395 
3,500 19 | 17 | 24] 16 | 16 | 20 | 20 | 25 | 16 | 32 | 24 | 20 | 56 | 65 | 72 | 56 249 
4,000 11 9/13| 6) 6) 9| 5} 19] 7/17/11 | 13/25 | 33/35) 33| 126 
4500/ 3| 3} 4) 4/ 2] 3] 2] 9] 1/ 7/ 1) 5/10/14] O| 12 44 
§,000/ 2] 2) 3]....|....) 2] 1] 3}...) 7 |...) 8] 3] 6) 7] 6 20 
GROESBECK, TEX. 
141 | 49 | 50 60 | 59 | 50 | 46 | 45 | 49 48 | 66 | 79 | 80 |169 [140 {193 [179 | 681 
250 | 49 | 50 | 59 | 59 46 | 45 | 49 48 | 66 | 79 | 80 |168 |140 193 179| 680 
500 47 | 50 | 59 | 58 | 49 | 46 | 44 | 48 | 46 | 65 | 77 | 79 [166 138 |188 176 | 668 
750 42 | 47 | 87 | 87 42 | 40/45 45 | 63 | 71 | 74 [162 |127 |179 | 631 
1,000 | 37 | 46 | 54 | 56 | 46 | 37 | 35 | 42 42 | 57 | 68 | 67 [156 114 |167 [150 | 587 
1,250 | 35 | 41 | 52 | 54 | 44 | 83 | 30| 36 | 37 66 | 64 150 | 99 /156 1140 | 545 
1,500 | 32 | 39 | 47 | 51 | 41 | 27| 28| 30 36| 49 | 59 | 61 [189 | 85 [144 '132| 500 
2,000 | 29 | 33 | 36 | 40 | 33 | 23 15 | 25 | 31 41 | 48 | 52 109 | 63 120 |114| 406 
2,500 | 26 | 24 | 27/28|21/16| 8/18 27| 84| 41/35 | 76| 42 102 | 85 | 305 
3,000 17 | 16 | 8| 4| 24 | 42 | 21 |57| 188 
3,500' 8| 7] 2| 2) 16|17| 7/31) 31 86 
4,000 3) 1) 2 |...-| 6} 7| 3| 9/10 29 
4500) 2/....| Lal tse 3| 2l....| 3/5 10 
5,000 1 )....| 4 2...) 2) 2 4 
85 | 19 23 | 29 34/25 | 33/15 3/15 | 10| 23 | 25| 88 | 51/48 | 67| 254 
250/19 23 29/34/25 33/15 3/15/10 | 23/25/88) 51| 48/67) 254 
500 19 23/27 | 34/23 | 83/15 3) 15| 10| 23| 24/84/51 | 48/66; 249 
750 19 19 24/31/22 32/11 2 14] 8 | 23|22|77/ 45|47| 60) 229 
1,000 | 19 | 17, 15 | 29} 21 | 26) 9) 2) 11} 6 | 22) 21 | 65 | 37 | 39 | 57 198 
1,250 19 16 15|28|16 20, 7 2, 10/| 4/21/19|50|29|35|54| 177 
1,500 18 15 13/22/14) 20| 6) 1) 9/ 4 19/16 | 40| 27/32) 40) 157 
2,000 17 15 9/13/10/ 17) 6 1, 7| 4) 14/14] 32/ 24| 25/46! 127 
2500/15 4) 7/11} 7 14] 4!) 1!) 5] 4/138) 10) 95) 19) 92) 48) 114 
3,000'11 7 7/ 9] 4) 7] 41..... 3] 3/11] 91290) 11/17/27| 7% 
3,500 6 2) 5) 8] 2) 5) 2.2.) 2) 3) 6) 4)20) Ti aim) ae 
4,000 1 Li} 3) 2] 3) 2)...1).... 2| 5| 3| 4| 81 71 4] + 
4,500 |. .22).... DB) oD] De .. fe eleeeelenes coool 1 8] BE Slide BR) 8 
ta Mp Mn me iia Rae ime aces we awh 5 Pe ee SO 1 | 1 
ROYAL CENTER, IND. 
225 | 52| 42 46 | 38 | 36 | 36 | 50| 57 | 40 | 62 | 68 | 64 |120 143 |170 [158 | 501 
250 | 52| 42 | 46 | 38 | 36| 36| 50| 56 40| 62| 68 | 64 |120 |142 |170 |158| 590 
500 | 52 | 42 46 | 38 | 36 | 36 | 50 | 56 | 40 | 62 | 68 | 64 |120 (142 [170 [158 | — 590 
750 | 48 | 41 | 44| 38 | 35 | 36 | 47| 53 | 39 | 61 | 66 | 64 {117 [136 [166 [153 | 572 
1,000) 46 | 40 48 | 34 | a5 | 33 | 45 47 | 34 | 55 | 64 | 64 [112 [125 [153 [150 | 540 
1250 | 43 | 34 | 40 | 33 | 32| 30 | 42 | 47 | 32] 50 | 59 | 58 [105 (119 l141 [135 | 500 
1,500 | 41 | 31 | 39 | 31 | 28 | 28 | 37 | 45 | 27 | 48 | 55 | 50 | 98 |110 [130 j122| 460 
2,000 | 32 | 30 30 | 27 | 21 | 25 | 31 | 39 | 21 | 40 | 43 | 41 | 78 104 |103 | 380 
2,500 | 24 | 23 23| 18 | 18 | 17 | 24 | 27 | 17 | 32| 30 | 29) 59 | 68) 79| 76] 282 
3,000 7/14 15/1 12} 10| 9| 20 | 14| 22| 19 | 16| 38 | 39'| 55 | 37 169 
3,500 2, 7 8| 5| 9| 6) 3) 42| 5|12| @| 9/22) 20| 26] 18 86 
4,000; 1| 2) 7| 2) 1/..../.... 5 1] 4] 2/....110| &| 7] 3 25 
4,500 |... TD | Sed ree ates DB} Cicdcodscad YR 1 @ 4 7 
5,000 |... Ey Mee were Katey Gadi Beet cee aie wre | ed Be8 ; 2 








On some days two or more flights were made, either in 
order to reach a greater height than in the first attempt 
or in the course of continuous series of observations day 
and night, the purpose of which is to provide data for 
the study of the diurnal variation in the free air. None 
of these extra observations has been included in the 
computation of the mean values given in Tables 4a to 
5f and in figures 1 to3. Thus all observations have equal 
weight. As a rule the highest flight has been accepted, 
except that in the case of diurnal series none of those 
made at night has been considered. 

In the study of free-air winds in relation to surface 
wind direction all observations made in the daytime have 
been used, since in this case it is not so much a monthly 
or seasonal average that is desired but rather the con- 
nection between conditions at the surface and those in 
the free air. In some instances, moreover, winds were 
observed when other elements were not recorded because 
of instrumental defects. For these reasons the total 
number of observations in Table 3, on which are based 
the values given in Tables 9a to 21 and in figures 17 to 
25, is somewhat greater than the total number in Table 2, 
Tasie 3.—Number of observations on which are based the mean values 

given in Tables 9a to 21. 
Broken Arrow, Okla. 


Altitude above m. s. 1. (meters). 














Season. ee ae > . a. — _— 
| 233 | 500 | 750 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 
ISS | 167| 167] 167/ 161) 129) 18) 47] 7)...4.. 
Summer ........... | 146) 46) 146/ 139) 116) 97) 39) 6)... 
Autumn ...... vesee| 923) 2131 313] 200|. 168 123; 61) 15 4 
Winter........... ..| 147) 147] 147 138 | 92 60/ 26) 5 1 
po ree | 673 | 673 | 673) 638) 500, 398 | 173 | 33 5 
Drexel, Nebr. 

a alain 

Altitude above m. s. 1. (meters). 
Season. =. ere (roc ae x eos ~ 
306 | 500 | 750 1,000 1,500 | 2,000 | 3,000 | 4,000 | 5,000 
Degtee sss ersiacsi. 509, 509 505 497, 423; 387| 29| 77) 
ET cowwenetins 465| 465| 462 454| 419 364] 244] 103 B 
Autumn ........... 504 504, 508 497 460 420 289 124 | 19 
Mba pcdessdaces 504) 501 489; 450) 412] 297 6 / 10 
Pe = SS Sree 1,982 1,982 | 1,971 | 1,937 | 1,752 | 1,583 | 1,079} 400; 51 

Ellendale, N. Dak. 

elo Doe 

| Altitude above m. s. 1. (meters). 
e Season rT Vente 7 7 Tt 
| 444 | 500 | 750 1,000 1,500 | 2,000 | 3,000 | 4,000 | 5,000 
Sit Cael | 67! 267| 267) 258! 234/ 203! 198 3 | 7 
EERE .. «<n 00 505 72| 272| 272; 265) 234! 206| 120 48 | 8 
BE. . wabnscie. | 283! 283/ 283! 277| 249) 223 136 56 | 8 
i wtnnne sk tes 239} 239) 238 235 | 208 182 109 46 | 9 
WEEE cow ceeccsee | 1,061 | 1,061 | 1,060 1,035 925| 814) 488) 185| 3% 
| b see Ti: 

Groesbeck, Tex. 

| Altitude above m. s. 1. (meters). 
Season. rrr 18 TT att t ‘Eber 
| 1f1 | 500 | 750 | 1,000 1,500 | 2,000 | 3,000 | 4,000 5,000 
—— —— | J - — 
Ry: | 197) 197, 191) 183/ 161| 132) 5 8 . 
pene ERTS | 146) 146! 139] 123] 98 wT h 6S BS beens 
Amemn .....:Jsisii | 216| 214 204 189 164 146| 94 21 . 
ere | 206 204 196 175 145 129 79 21 ; 


PE avichewarus 765 761 730 670 563 484 263 53 
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TaBLE 3.—Number of observations on which are based the mean values 
given in Tables 9a to 21—Continued. 












































Leesburg, Ga. 
Altitude above m. s. 1. (meters). 
Season. sn RG Nail Wideidiiel MGRRIRAMAs Wii 

8 | 500 | 750 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 

a oe —————— TON VI? Ss —-i-— 
Spring... 96 96 | 89 «75 59 37 25 8 2 
Summer. . | 54) Bt 52/39) 27) 2%) 15 Seren 
Autumn............ 49; 49) 49) 42 33 30 19 7 i 
Winter... ......:... 80; 80, 7 66 61 55 37 6 1 
= Rear: ae 279 279 267 | 222 180 148 96 26 4 

! 
Royal Center, Ind. 
| Altitude above m. s. 1. (meters). 

Season. = Zeiss 1 Th 
| 225 | 500 | 750 1,000 | 1,500 2,000 | 3,000 | 4,000 | 5,000 
; a ritiom 4 me re 

} i ior em oni 
Spring...--..-----.-| 125} 125) 125 | 120) 105 92 54 15 | 2 
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RELIABILITY OF THE DATA. 


Instrumental and other equipment employed in obtain- 
ing free-air records and the methods of calibrating the 
kite meteorographs and reducing the data have been de- 
scribed in detail in “Instructions for Aerological Ob- 
servers,’ W. B. 740, 1921. They need not, therefore, 
be discussed here further than to remark that observa- 
tional and other errors have been reduced to a minimum 
by frequent calibrations, by detailed notes of surface con- 
ditions during flights, and by the method employed in 
reducing the data, i. e., dividing the work among several 
computers. It is quite true that there may have been 
appreciable errors in individual records, but it is believed 
that these are largely, if not altogether, eliminated in the 
means of a large number, such as we are now considering. 
The higher levels are represented by comparatively few 
observations, but it should be borne in mind that changes 
from one level to the next at these heights are more nearly 
uniform than nearer the surface. Therefore a smaller 
number suffices to give dependable means, particularly 
when the method of computing those means is the one 
here used, viz, applying to the average surface conditions 
the mean gradients from each level to the next higher 
level, thus avoiding artificial discontinuities due to the 
dropping out of observations in the higher levels. The 
original data up to and including the year 1918 have been 
published in detail in Monrary Weatner Review 
SuPpPLEMENTS Nos. 3, 5, 7, 8, 10, 11, 12, 13, 14, and 15 
(Aerology, Nos. 1 to 10, inclusive). Since 1918 the 
detailed data have not been published.’ 

As indicated in Table 2, the monthly distribution of 
observations at all levels up to 3 or 4 kilometers is very 
good, except at Leesburg, where lack of wind in summer 
frequently made kite flying an impossibility. It should 
be noted, too, that the length of record at Leesburg, as 


* Although these individual records have not been published, they have been tabulated 
n convenient form, and copies can be lent to investigators who may wish to study 
them in detail. 


shown in Table 1, is considerably shorter than that at 
the other stations. Drexel has by far the best and most 
representative series of observations, based as they are 
upon a 5-year record. Inasmuch as mean values for a 
three-year period have already been published,* it be- 
comes possible to compare these values with those given 
here in Tables 4a to 4f. In general, the differences are 
not appreciable, even in the monthly means. They are 
greatest at and near the surface, where they amount in 
a few cases to 2° C. in temperature, 1 mb. in barometric 
pressure and vapor pressure, and 10 per cent in relative 
humidity. Differences in density are in no case signifi- 
cant. The seasonal means of all elements naturally show 
better agreement than the monthly means, and the annual 
means for the shorter and longer periods are almost 
identical. It is thus evident that for the determination of 
normal values, particularly those for the months, a longer 
series of observations is necessary than that upon which 
the present summary is based. The length ef period 
required is considerably greater for the northern than for 
the southern section of the country, owing to the larger 
variability of the monthly, seasonal, and annual means of 
the different meteorological elements in the former than 
in the latter. For the same reason a longer period is 
necessary for the winter than for the summer half of the 
year. This variability difference, both territorial and sea- 
sonal, in surface temperature (and a similar difference 
would be found in the other elements) is well brought 
out in Bulletin Q,‘ pages 31-32, and accompanying Plates 
XVIL and XVIII. As there shown, the variability is 
about twice as great in winter as in summer, and also in 
both seasons about twice as great in the North as in the 
South. It is difficult to specify what is a proper length 
of record for the determination of normals, but it could 
hardly be less than 20 years for the surface and for levels 
up to 14 to 2 kilometers. This being the case for southern 
stations, it follows that at least 35 or 40 years would be 
necessary for stations in the Northern States. At higher 
levels a much shorter period is sufficient. 

In considering the foregoing discussion the fact must 
be borne in mind that the free-air means are based upon 
daytime observations. There is thus a diurnal correc- 
tion to be applied. Fortunately, however, the average 
time of the kite flights is such * that the mean values of 
the meteorological elements at the surface are very 
nearly the same as the 24-hour averages. The differ- 
ences are, in general, so small that it is deemed unneces- 
sary to publish them in detail, as was done in the Drexel 
3-yearsummary.’ Briefly, they are as follows: Pressures 
during kite flights are slightly higher, about 0.5 mb., 
than the 24-hour means, since a large proportion of the 
flights is made near the time of primary pressure maxi- 
mum. Temperatures are likewise higher except at 





3 Average free-air conditions as observed by means of kites at Drexel Aerological 
Station, Nebr., during the period November, 1915, to December, 1918, inclusive. By 
W. R. Gregg. MONTHLY WEATHER REVIEW, January, 1920, 4821-11. 

‘Climatology of the United States. By A.J. Henry. W. B. No. 361. 1906. 

®* See discussion on Pp. 2 of paper cited in footnote 3. 
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Groesbeck, where the reverse departure is found, amount- 
ing, however, to less than 0.5° C. At the other stations 
the plus departure is generally less than 1.0° C., except 
at Royal Center in summer and at Leesburg throughout 
the year, in which cases it is practically 2.0° C. The 
small percentage of days on which kites can be flown at 
Leesburg undoubtedly accounts for the difference there. 
In this connection it is significant to note that Drexel, 
which has the longest record and the largest percentage 
of days with flights, shows the smallest differences, e. g., 
spring, +0.4° C.; summer, +0.3°; autumn, 0.0°; winter, 
+0.2°; annual, +0.2°. The highest monthly is +0.8° 
in May. Relative humidity, as would be expected, is 
lower during flights than is the average of the 7 a. m. 
and 7 p. m. values. The difference is about 5 to 10 per 
cent, except at Leesburg, where it is 15 per cent. Differ- 
ences in vapor pressure are insignificant. Wind speeds 
during flights are about 1 to 2 m.p.s. higher than are 
the 24-hour means, the difference being greatest in the 
case of the southern stations. As is well known, surface 
wind speeds are greater in the daytime than at night. 
An additional reason for the difference is the fact that 
kites can not be flown in light winds. 

The foregoing discussion of corrections for the diurnal 
change refers to conditions at the surface only. At the 
present time not much can be said with respect to these 
corrections in the free air. A study of the diurnal 
variation of the meteorological elements at different 
heights is in preparation, but thus far only the temper- 
ature records at Drexel have been examined for this 
purpose. These show that the diurnal phase in the 
free air is not greatly different from that at the surface, 
but that the amplitude diminishes to about 1° C. at 
1,500 m., remaining practically unchanged from that 
level up to an altitude of 3,500 m. Data for levels 
above 3,500 m. are lacking. It should be borne in mind 
that continuous day and night flights are made as a 
rule in weather that is clear, or at any rate free from 
low clouds, whereas the daily flights are made in all 
kinds of weather. Naturally the diurnal variation is 
greater in clear than in cloudy weather; hence the cor- 
rections to be applied to mean values in the present 
summary are undoubtedly smaller than those above 
given—in other words, considerably less than 1° C. 
Concerning the other meteorological elements little can 
be said at the present time as to their diurnal variation 
in the free air. Since the temperature phase character- 
istic of the surface persists at the upper levels, it neces- 
sarily follows that pressure at those levels is slightly 
higher during daytime than at night and therefore that 
a small negative correction should be applied to the 
values given in this summary. The diurnal range in 
vapor pressure and air density in the upper layers is 
probably too small to be considered. Free-air wind 
speeds, however, are less in the daytime than at night, 
but, on the other hand, flights are made when the sur- 
face winds are higher than the 24-hour mean. Pre- 


sumably therefore the free-air values here published 
represent very nearly actual average conditions. More 
light will be thrown on this subject when observations 
with pilot balloons are reduced and summarized. 

Although the statements made in the preceding para- 
graphs indicate that the values here given can not be 
accepted as representing strictly normal conditions, they 
also show that these values are sufficiently accurate for 
all practical purposes. At any rate they compare favor- 
ably with means published for Blue Hill and Mount 
Weather in this country and for different stations in 
Europe and elsewhere. 


FREE-AIR DATA: MEANS. 


In Tables 4a to 4f may be found for the six stations the 
mean monthly, seasonal, and annual barometric and 
vapor pressures in mb., temperatures in degrees centi- 
grade; relative humidities in percentages; densities in 
percentages of standard (1.293 kg. per cu. m.) and in kg. 
per cu. m.; and wind resultants in degrees and m. p. s. 
Values at sea level have been estimated by extrapolation, 
except barometric pressure and density, which have been 
computed from the estimated values of temperature and 
vapor pressure. 

The mean seasonal values of temperature, relative 
humidity, and vapor pressure are shown also in figures 
1 to 3. Conspicuous features are the decided permanent 
inversion of temperature in the lower levels at north- 
western stations during the winter; the large latitudinal 
difference in annual temperature range, both surface and 
free-air; the small annual range in relative humidity at 
the northern stations, but the large range, with highest 
in summer, at the southern stations; and the substantial 
agreement in the annual range of vapor pressure at all 
stations, this range of course becoming very small in the 
higher levels. 

Some of the data given in Tables 4a to 4f are presented 
in somewhat different form in figures 4 to 12, inclusive. 
Each figure consists of twelve smal) outline maps of the 
United States, representing different levels and showing 
for those levels the mean summer, winter, or annual 
values of pressure, temperature, relative humidity, vapor 
pressure, density, and resultant wind. In order to make 
these maps as complete as possible for the eastern and 
central portions of the country, there have been included 
the mean values at Blue Hill, Mass., and Mount Weather, 
Va., each based upon a long series of observations made 
with kites several years ago. Since the periods covered 
are not the same for these and for the six Weather 
Bureau stations now in operation, the data are not per- 
haps strictly comparable, but, as already explained, sea- 
sonal and annual free-air means, based upon several 
years’ records, are not materially changed by the inclu- 
sion of additional observations. It is believed, there- 
fore, that these charts in general give a very true picture 
of actual average conditions. The values for Blue Hill 
have been taken from Clayton’s study of the diurnal and 
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annual periods of temperature, humidity, etc.* In that 
publication only the mean temperatures and relative 
humidities are given, but with these data it has been 
possible to compute the mean pressures (barometric and 
vapor) and the mean densities. In order to test the 
accuracy of these computed values, similar computations 
were made for all other stations and then compared with 
the means as determined from the individual observations 
themselves. In all cases the agreement was strikingly 
close. The values for Mount Weather have been taken 
from a previous paper.’ Neither at Blue Hill nor at 
Mount Weather were the observations of wind summa- 
rized in such form as to make possible the determination 
of wind resultants. The wind charts are therefore not as 
complete as are those for the other elements. 

The figures are published in such a way that the con- 
trast between summer and winter conditions may be seen 
at a glance. Thus, the summer and winter mean baro- 
metric pressures, respectively, appear side by side on 
the same page, in figure 4. The same arrangement holds 
for the other elements. Following these are given the 
figures showing annual means. All contain, in addition 
to the iso-lines, the locations of the stations and the mean 
values for those stations. 

An examination of these charts brings out the following 
points: 

1. The large difference between summer and winter 
conditions at all levels and at all latitudes. 

2. The substantial parallelism in the lines of equal 
pressure and temperature at all levels. This is to be 
expected since, as is well known, the pressure at any 
given level is largely a function of the temperature of 
the air beneath that level. 

3. The slight southward trend of isobars and isotherms 
in the upper levels from the interior to the eastern por- 
tions of the country. In this connection it is interesting 
to note that in winter this trend of the isotherms in the 
upper levels is the opposite of that at and near the 
surface. In other words, on the same parallels of lati- 
tude, except in the Southern States, the air from the 
surface to about 1 kilometer above it is warmer in the 
East than in the Middle West but considerably colder 
at greater altitudes. As is well known, cyclonic storms 
in this country, no matter where they originate, pass 
out as a rule across or near the New England States. 
These storms are most frequent and intense in winter 
and, because of the almost continuous procession of 
them through the Northeast, produce a resultant low 
pressure in that section. To some extent, then, the 
lower free-air temperatures in the East are due to 
dynamic cooling, but the differences are too great to be 
accounted for wholly in this-way. They are probably 
due in large part to the following circumstance: Many of 


*Clayton, H. H. Annals of the Astronomical Observatory of Harvard College. Vol. 
LVIII, Pt. I, p: 59. 1904. 

? Mean values of free-air harometric and vapor pressures, temperatures, and densities 
over the United States. By W. R. Gregg. MONTHLY WEATHER REVIEW, January, 
1918. 46: 11-20. 
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the cyclones referred to originate in the South or South- 
west, and these usually intensify as they travel, becoming 
storms of marked vigor by the time they have passed 
into the Atlantic. During the time that they are near 
or off the coast the pressure gradient westward is steep, 
resulting in strong northerly and northwesterly winds 
which bring in large masses of very cold air. Clayton, as 
the result of his studies of Blue Hill data, states* that 
“with increase of height the temperature falls more rap- 
idly in the rear of the cyclone than it increases in front.” 
The frequency with which this condition occurs is in all 
likelihood largely responsible for the lower mean free-air 
temperatures in the Northeast than at the same latitudes 
in the Middle West. To a less extent this is true also 
for summer, when it applies to all levels, even the surface. 
In the winter, however, as already stated, the reverse is 
found at and near the surface, i. e., the Middle West is 
much colder than the East, a condition which is readily 
explained: by the frequent occurrence of anticyclonic 
weather, with its clear skies and intense radiation. 
This is distinctly a characteristic feature of continental 
climate, and that it is purely a surface phenomenon is 
evident from the. pronounced temperature inversions 
that are almost invariably found and whose magnitudes 
are such as to produce a resultant inversion even in the 
mean values for the entire season, as is well shown in 
figure 1. Occasionally a rapid succession of HIGHS 
passing over a given place tends to a gradual thickening 
of the stratum of cold air and the consequent disappear- 
ance of the temperature inversion. Notable instances 
occurred during the cold winter of 1917-18. Such cases 
are, however, exceptions to the rule.° 

4. The higher relative humidity in the South than in 
the North during summer and the opposite gradient dur- 
ing winter, owing in all probability to the more pro- 
nounced convectional activity in the South during summer 
and to the greater storminess in the North during winter. 

5. The close agreement in the summer and winter lati- 
tudinal range of vapor pressure at all altitudes. This is 
largely explained by the circumstance that, although the 
latitudinal temperature range is much greater in winter 
than in:‘summer, yet, on the other hand, the change in 
vapor pressure is much less for a given change in tem- 
perature when the latter is in general low than when it 
is high, the relation between temperature and vapor pres- 
sure being logarithmic, not linear. Another contributing 
cause of the similarity in the latitudinal range of vapor 
pressure during summer and winter is the fact that the 
relative humidity diminishes northward during summer, 
thus adding to the relatively small effect of the moderate 
temperature range, but diminishes southward during 


8 The distribution of the meteorological elements around cyclones and anticyclones 
up to 3 kilometers at Blue Hill. By H. H.Clayton. Annals of the Astronomical Obser- 
vatory of Harvard College. Vol. UXVIII, Pt. 1. 1909. 

® For further discussion of this subject the reader is referred to: Some observations 
on temperatures and winds at moderate elevations above the ground. By V. E. Jakl. 
MONTHLY WEATHER REVIEW, June, 1919, 147: 367-373. Of particular interest are 
figures 1, 3, and 4 and accompanying text. 
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Humidities at left, vapor pressures at right. 


















































Fia. 11.—Mean annual relative humidities,Jper cent, andjmean annual vapor pressures, mb., at specified levels over the eastern and central portions of the United States. 
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winter thus acting against the relatively large effect of the 
steep temperature gradient in that season. 

6. The small latitudinal density gradient in the higher 
levels, owing to the counterbalancing effects of pressure 
and temperature, i. e., density varies directly with pres- 
sure; inversely with temperature. It is also worthy of 
note that the annual range diminishes markedly with 
altitude. Observations at greater heights would un- 
doubtedly show practically the same values in all parts 
of the country and throughout the year at about the 
8-kilometer level.'® The question of standard density, or 
a ‘standard atmosphere,” is receiving considerable atten- 
tion at present in connection with aviation and with the 
firing of projectiles. This subject will be discussed at 
greater length in a later section. 

7. The small latitudinal difference in resultant wind 
speeds, due to the fact that these vary directly with the 
pressure gradient, but inversely with the sine of. the 
latitude. An exception is to be noted in the case of the 
southern stations in summer, but it should be borne in 
mind that that region is not during the summer under 
the control of the prevailing westerlies, but rather that 
of the “horse latitudes.”” Winds are light and variable, 
and a longer record is necessary for the determination of 
true resultant values. With this exception the arrows in 
the charts show a very close relation to the mean pressure 
gradients. In general at all altitudes there is a southerly 
component in summer and a northerly in winter. A 
further examination of these charts, together with a study 
of Bowie and Weightman’s work on the movement of 
cyclones," brings out a fact of considerable significance, 
From the data given in Table 2, page 8, of that work it 
is possible to compute the average summer, winter, and 
annual rates of movement of all storms. The resulting 
values are, respectively, 9.3, 13.4, and 11.1 m. p. s. 
Reference to figures 9 and 12 shows that these rates 
of movement are in striking agreement with the resultant 
wind speeds at 3 to 4 kilometers, the altitude with best 
agreement being higher in summer than in winter. This 
close agreement is in line with the belief of most meteor- 
ologists that the movements of storms are largely con- 
trolled by the air circulation prevailing at altitudes of 
3 to 5 kilometers. 


FREE-AIR DATA: EXTREMES. 


Tables 5a to 5f contain for summer and winter the 
highest and lowest observed values of the different 
meteorological elements, except wind, at different levels 
up to 4 kilometers; also, the percentage frequency of 
temperatures between certain limiting values. No dis- 
cussion seems necessary, but it may be remarked that 
temperatures lower than — 30° C. seldom occur in winter 
at any altitude below 4 kilometers, but that at northern 
stations they are as likely to occur in the lower as in the 
upper levels. In summer the temperature seldom falls 





10 See: Level of constant air density. By W. J. Humphreys, MONTHLY WEATHER 
REVIEW, May, 1921, 49:280-281. : 

1 Types of storms of the United States and their average movements. By E. H. 
Bowie and R.H. Weightman. MONTHLY WEATHER REVIEW SUPPLEMENT No. 1. 1914. 


below 0° C. except in the very highest layers. It rather 
frequently rises above 30° C: near the surface except at 
the northern stations. As shown in the tables, the 
extreme range at all levels is considerably greater in 
winter than in summer. In considering these figures it 
should be remembered that those at 3 to 4 kilometers 
are based upon few observations, and should therefore 
be accepted with reservation, a reservation that does not 
apply to as great an extent in the case of mean values, 
since the latter are determined from gradients rather 
than from the observed values themselves. 


STANDARD ATMOSPHERE. 


With the advance of aeronautics and. the science of 
artillery, engineers and other specialists in these fields 
have come to require a specific knowledge of the varying 
states of the atmosphere from the ground up to very 
great heights. This has led to the introduction of a 
conventional term commonly known as the “standard 
atmosphere,’ which pretends to specify the normal or 
average condition. As is well known, the “standard 
atmosphere” is never found; that is to say, at no time 
or place do “standard” or average conditions of all of 
the meteorological elements at all altitudes simultaneously 
occur. Nevertheless it is proper, and in certain fields 
(especially those of aviation and ordnance) it is neces- 
sary, to adopt so-called “standard” values, and it is 
desirable to have these represent as closely as possible 
true mean values in order that corrections due to depar- 
tures from these means may be comparatively small in 
most cases. Hence, the adoption of an “isothermal 
atmosphere,” proposed by some investigators, although a 
desirable simplification in some respects, is inadvisable 
because of the large corrections that would have to be 
applied at practically all altitudes. Although a knowl- 
edge of temperature may not be vital in aerodynamic 
tests, it certainly is important when the thermodynamic 
or power production phase is considered. Moreover, in 
the design, construction, and use of altimeters a knowledge 
of the altitude-pressure relation is essential, and this 
relation varies decidedly with temperature. What is 
needed, then, in defining the “standard atmosphere,” is a 
series of values of pressure, temperature, and density, at 
different altitudes, these values to represent as closely 
as possible actual average conditions. If tables or 
curves were prepared for different places and seasons, 
the corrections for variations from standard or average 
values would in each case be comparatively small and 
easily applied. Such a procedure would, however, com- 
plicate the matter, since it would necessitate the use of a 
large number of tables and would make impossible the 
comparison of tests at different places. It seems desir- 
able, therefore, to select data for some place or places so 
located that the results shall be as nearly as possible 
representative of conditions in the entire region in which 
they will be used. So far as the United States is con- 
cerned, we now have data admirably suited for this 
purpose, and tables and curves, based upon those data 
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and giving standard conditions, have been prepared and 
are discussed in the following paragraphs. 

Aerodynamic investigations are conducted at the pres- 
ent time almost wholly at McCook Field (Dayton), Ohio, 
Washington, D. C., and Langley Field (Hampton), Va. 
The principal artillery testing stations or proving grounds 
are at Aberdeen, Md., and Dahlgren, Va. All of these 
places are located near (less than 3° from) latitude 40° N. 
A glance at Table I will show that three of the aerological 
stations, viz., Drexel, Nebr., Mount Weather, Va., and 
Royal Center, Ind., likewise lie close to latitude 40°. It 
has therefore seemed proper to use the data from these 
stations as a basis for establishing a standard atmosphere 
which shall best fit practical needs so far as the United 
States is concerned. Accordingly, mean summer, winter, 
and annual temperatures for different levels up to and 
including 5 kilometers have been computed from the 
values given in Tables 4b and 4f of this summary and in 
Table I of the Mount Weather summary (see footnote 7, 
p. 8). These mean values may be accepted as repre- 
senting very closely actual average temperature condi- 
tions at latitude 40°, since the values at the three 
stations agree well among themselves, despite the fact 
that they are based upon observations taken during 
different periods of time, i. e., Drexel, 1915-1920; Mount 
Weather, 1907-1912; and Royal Center, 1918-1920. 

For levels above 5 kilometers it has been possible to 
use the results of sounding balloon observations at Fort 
Omaha, Nebr., lat. 41° 19’, and St. Louis, Mo., lat. 38° 38’. 
Here again the results may be considered as representa- 
tive of latitude 40°. Unfortunately the number of obser- 
vations upon which the means are based is small, but it 
should be remembered that smaller variations occur in 
the temperature gradients at great heights than at lower 
levels, and that therefore a smaller number of observa- 
tions suffices to give very satisfactory information at 
those levels. The observations used are those made at 
Fort Omaha February 8 to March 4, 1911; * July 9 to 22, 
1914; * and at St. Louis in 1904 to 1907.“ Their num- 
ber and distribution are as follows: 





Altitude (meters). 
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Winter: 
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From this table it is seen that most of the observations 
were obtained at Fort Omaha. Those for the summer 
were made in the hottest month of that season and those 
for the winter in the latter part of that season. Hence 


4% Blair, Wm. R. Sounding balloon ascensions at Indianapolis, Fort Omaha, and 
— BULLETIN OF THE MOUNT WEATHER OBSERVATORY, Vol. 4, pt. 4. pp. 183-304. 

12. 

"Blair, Wm. R. Free-air data by means of sounding balloons, Fort Omaha, Nebr., 
July, 1914, MonTHLY WEATHER REVIEW, May, 1916, 44: 247-264. 

“Clayton, H. H., and Fergusson, 8. P. Exploration of the air with ballons-sondes, 
ac Louis. Annals of the Astronomical Observatory of Harvard College, Vol. LX VII, 

. I, 1909. 





in each case the values are somewhat higher than true 
seasonal means. Thus at 5 kilometers the summer values 
are 3.5° C. higher than those determined from observa- 
tions with kites, and in winter they are 1.5° C. higher. 
These differences have been adjusted by applying to the 
means at 5 kilometers obtained from kite observations 
the gradients computed from the sounding balloon records. 
This procedure has been followed in determining the mean 
temperatures at all altitudes up to the base of the strato- 
sphere, about 12.5 km. At higher levels up to about 20 
kilometers the mean values in both seasons are practically 
constant at — 55°C. There may be a seasonal difference, 
but the records do not show it, and in any event the value 
of — 55° C. can hardly be in error more than 2.5° C., except 
at 19 and 20 kilometers in summer, when there is a tend- 
ency to increasing temperatures. For the present pur- 
poses it has been deemed sufficient to use the constant 
value, — 55° C., from the base of the stratosphere up to 
20 kilometers, the highest level considered." 

Final results are shown in figure 13 and in Table 6, 
values in the latter being expressed to the nearest half 
degree centigrade. The yearly values are the means of 
the two seasons, since it was found that the means for 
all four seasons are almost exactly the same as these. 

Vapor pressure means have been determined in the 
same way as have the temperatures, but the computa- 
tion has not been carried to heights where the values are 
less than half a millibar. The results are shown in figure 
14 and in Table 6, values in the latter being expressed in 
millibars and millimeters to the nearest half in each case. 

Barometric pressures for each level have been com- 
puted by means of the hypsometric equation, the mean 
temperatures of the air column for each successive alti- 
tude interval being determined from the values given in 
Table 6. Corrections have been made for humidity and 
for the variation of gravity with altitude and latitude. 
The results up to 5 kilometers agree closely, within 1 mb., 
with the means of the actually observed values them- 
selves, as shown in Tables 4b and 4f and in Table 1 of 
footnote reference 7, page 8. For higher levels this 
comparison is impossible, since the temperatures used, 
as already explained, are not those actually observed. 
The computed values of pressure for summer and winter 
are shown in figure 15; the annual curve has not been 
drawn but would lie midway between the other two. 
Values for the two seasons and for the year also are 
given in Table 6 and are expressed in both millibars and 
millimeters to the nearest half in each case. 

With the data discussed in the preceding paragraphs 
and presented in Table 6 it has been possible to deter- 
mine corresponding air densities for each level. The 
values in the first column under “Density,” Table 6 
have been computed from the formula 

y =b= OSB. 


6 It should not be inferred from this statement that a constant temperature of about 
—55° C. will be found at heights above 20 kilometers. On the other hand, the few obser- 





. vations thus far made, mostly in summer, shew increasing temperatures with height 
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in which 
p’ = density expressed in percentage of standard den- 
sity, 
6b and e=barometric and vapor pressures, respectively, 
in mb., 


T=temperature in °A, 
and K=a constant, depending upon the conditions of 
pressure and temperature that are accepted 
as standard, in this case 1,013.3 mb. and 
0° C, or K=0.26942. 


The values in the second column have been obtained 
by multiplying those in the first by 1.293 kg. per cu.m., 
the density at 1,013.3 mb. and 0° C., or p=p’ Xx 1.293. 
These values for the summer and winter are shown in 
figure 16; the annual curve, if drawn, would lie very 
nearly midway between the other two. 

In order to facilitate comparison with densities that 
have been computed for other parts of the world, Table 7 
has been prepared. So far as known to the writer these 
are all that have been published thus far. In most cases 
only annual values have been given. These are pre- 
sented in Table 7 in such a way that the latitudinal 
variation may be seen at a glance. A striking feature is 
the essential agreement in the density at about 8 kilo- 
meters, both in summer and winter and at all latitudes. 
(See footnote reference 10, p. 18.) 

Table 7 also contains, in the last column, the values 
computed from Toussaint’s formula. This formula has 
been discussed in a previous paper. (See footnote 4 in 
the table.) Briefly, Toussaint has proposed the adop- 
tion, by all copntries, of a “law” of linear decrease of 
temperature with altitude, starting at a temperature of 
15° C. at sea level and attaining — 50° C. at an altitude 
of 10,000 meters. This “law” is expressed by the 
formula 

t=15—0.0065Z, 
t= temperature in °C 
and Z = altitude in meters. 


in which 


Using the temperatures at various levels, as deduced 
from this formula, and assuming that the atmosphere is 
dry and that gravity remains constant, the author has 
computed values of pressure and density for different 
heights up to 10 kilometers. The results, in abridged 
form, are as follows: 

















. Tem- 
me 1 Pressure.| pera- | Density 
—_— ture. | 
| 
m. mm. AC. (cu. Mm. 
0 760. 0 15.0 | ad ( 225 
500 714.0 12.0 1. 165 
1,000 673.5 85 | 1.112 
1, 500 634.0 5.0 | 1.060 
27000 | 506.0 2.0 | 1.008 
2, 500 560. 0 —-1.0 0. 957 
3,000 | 525.5 | —45 | 0.907 
4,000 462.0 —11.0 | 0.820 
5,000 | 405.0 | —17.5 | 0.735 
6,000 | 3540 | —240 | 0.660 
7,000 308. 0 —30.5 | 0.588 
8,000 | 267.0 | —37.0 | 0.525 
9,000 | 230.5 | —43.5 | 0.467 
10,000 198.0 —50.0 0. 413 





Concerning these figures, Toussaint says: 

It has been found preferable to take a linear law rather than to seek 
an equation approximate to Professor Gamba’s curve, for the following 
reason: 

In order to define the standard atmosphere, what is needed is not an 
exact representation of that curve, but merely a law that can be con- 
veniently applied and which is sufficiently in concordance with the 
means adhered to. By this method, corrections due to temperature 
will be as small as possible in calculations of airplane performances, 
and will be easy to calculate. The proposed law seems likely to realize 
such conditions. 

The deviation is of some slight importance only at altitudes below 
1,000 meters, which altitudes are of little interest in aerial navigation. 
The simplicity of the formula largely compensates this inconvenience. 

It must be remarked, however, that since the isothermal layers seem 
to commence, in European regions, at an altitude of about 11,000 me- 
ters, it would be dangerous to extrapolate above that altitude. 

When it becomes an ordinary occurrence for airplanes to attain that 
altitude, it will be necessary to modify the law, but it suffices for the 
machines now in use. 

Although the adopted rate of temperature decrease is 
arbitrary, the resulting values of density agree very well 
with those actually computed from European mean 
temperatures and pressures. Reference to Table 7 will 
show that the agreement with densities at latitude 40° 
in the United States is equally good. In fact, nowhere 
except at sea level, does the difference equal 1 per cent 
and at that level it is only 1.2 percent. At 10 kilometers, 
the highest altitude for which Toussaint has computed a 
value, the difference is considerably less than 0.5 per cent. 

In view of the close agreement above indicated and 
the desirability of having uniform practice in different 
countries, it seems appropriate to recommend the adop- 
tion of Toussaint’s values, providing one set is deemed 
sufficient for use throughout the year. France and Italy 
officially accepted them in 1920, and England has done 
so more recently." It is to be noted, however, that 
Toussaint has not carried his computations above 10 
kilometers. At the present time there is perhaps little 
need for values at higher levels, so far as aviation is con- 
cerned, but there will almost certainly be such a need in 
the future. Moreover, even now the artillerist needs 
them. Toussaint’s “law” of temperature decrease will 
not apply even approximately at altitudes above 11 or 12 
kilometers, as clearly shown in Table 6 and in figure 13. 
It seems wise, therefore, to adopt for levels above 10 
kilometers the values given in Table 7 for the United 
States, or else composite values, based upon the means 
for this country and for Europe. In either case there 
would be no appreciable discontinuity at 10 kilometers 
since the means in both countries at that altitude are in 
substantial agreement with those given by Toussaint. 

In the event that annual means are not considered 
sufficient for practical use, it is recommended that the 
values in Table 6 for summer, winter, and the year be 
adopted by the United States. Additional observations 
in the future will hardly change these values to such an 
extent as to require any revision. The summer means 





16 Aeronautics. Report of the (British) Aeronautical Research Committee for the year 
1920-21, p. 38. 
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TEMPERATURE. ‘C. 
ALT. -50° -40° -30° -20° -10° oO 10° 20° ALT. 
KM. KM. 
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-50° -40° -30° -20° -10° 0° 20° 
TEMPERATURE. °C. 


Fie. 13.—Mean summer, winter, and annual free-air temperatures, (°C.), at about latitude 40° in the United 
States. 
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Fic. 14.~—Mean summer, winter, and annual free-air vapor pressures, mb. and mm., at about latitude 40° in the United States. 
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Fi@. 15.—Mean summer and winter free-air barometric pressures, mb. and mm., at about latitude 40° in the 
United States. 
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DENSITY, KG. PER CU. M. 
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Fig. 16.—Mean summer and winter free-air densities, kg. m.* m., at about latitude 40° in the United States. 
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would apply to June, July, and August; those for winter 
to December, January, and February; and the annual 
means to March, April, May, September, October, and 
November. 

As a matter of general interest only, Table 8 has been 
copied from Linke’s discussion of densities in all parts of 
the world. The means given have in large part been 
estimated by extrapolation and interpolation, based 
upon all available data. Here again is strikingly shown 
the substantial agreement at about 8 kilometers. 


FREE-AIR DATA: WINDS. 


Wind resultants are given in Tables 4a to 4f and in 
figures 9 and 12 and have already been discussed. 
For many purposes a knowledge of these is of interest, 
as, for example, in studies of the general atmospheric 
circulation, including the movements of cyclones and 
anticyclones, etc. They also give information of value 
in connection with the laying out of a permanent flying 
course or “airway,” or, in the event that a choice of 
routes is impracticable, they assist in the determination 
of operating costs by showing the amount of head winds, 
cross winds, etc., which on the average will be encoun- 
tered. It is apparent, however, that in practical avia- 
tion wind resultants have at best limited application. 
There is need for an accurate knowledge of the behavior 
of free-air winds under different conditions of wind and 
weather at the earth’s surface. The following discussion 
attempts to fill this need so far as it can be filled with 
the data thus far accumulated. 

Average free-air winds for different surface directions.— 
Tables 9a to 9f contain average seasonal and annual 
free-air wind directions and speeds at the six stations, 
classified according to wind direction at the surface. In 
obtaining these values the directions and velocities have 
been considered independently, whereas the resultant 
winds (Tables 4a to 4f and figures 9 and 12) have 
been determined by first resolving each observation into 
its north and west components. At the end of each of 
the Tables 9a to 9f are given the means without regard 
to surface direction. These are shown also in figure 17, 
except that here the annual values are omitted. The 
more prominent features are: The large increase in 
velocity in the first 500 meters above the surface; a more 
gradual increase at greater heights (in summer there is 
an actual decrease—most pronounced at southern sta- 
tions); the decided seasonal variation in the upper levels; 
the seasonal lag, i. e., higher velocities in spring than in 
autumn; and the close approach to a westerly direction 
in the higher levels, this feature being most in evidence 
at the northern stations. 

An examination of the detailed data given in Tables 9a 
to 9f indicates that the behavior of the free-air winds, 
when classified according to direction at the surface, is 
so nearly the same at the three northern stations and 
again at the three southern stations as to justify a re- 
grouping of the results. This procedure finds further 


justification in the fact that certain irregularities here 
and there, due to paucity of observations, are thus in a 
large measure smoothed out. The rearrangement has 
been made in the following manner: (1) The average 
deviation of the wind at different levels from the surface 
direction has been determined for the three northern sta- 
tions, the three southern stations, and for all six stations, 
the results being given in Tables 10a, 10b, and 10c, respec- 
tively. (2) For the same groups of stations the average 
increase with height (decrease in a few cases) in wind 
velocity from that at the surface has been computed, 
and the results are presented in Tables 11a, 11b, and 1 1c. 
(3) Finally the values in these two sets of tables have 
been combined and are given in Tables 12a, 12b, and 12c, 
respectively. In all cases only summer, winter, and an- 
nual means have been computed, but generally speaking 
the annual values fit quite closely those for spring and 
autumn also. 

Average deviation.—Reference to Tables 10a to 10c 
shows that near the surface the turning of the winds is 
generally to the right, no matter what the surface direc- 
tion may be. This turning is most pronounced with 
southerly surface winds, i. e., east through south to west- 
southwest, until at 3 to 4 kilometers it amounts on the 
average to somewhat more than 90°. With northerly 
winds, on the other hand, i. e., west-northwest through 
north to northeast or east-northeast, the turning is to the 
right but small in amount up to about 1 kilometer, and 
then changes to the left at higher levels. The deviation 
is greater in winter than in summer at all stations and is 
also greater at northern than at southern stations. In 
other words, the turning is most pronounced when and 
where the latitudinal temperature gradient is strongest 
and hénce the prevailing westerlies best developed. It 
is to be noted that in general the amount of the deviation 
in the upper levels varies directly, or nearly so, as the 
angle between the surface direction and a westerly 
direction. For example, a surface southeasterly wind 
turns more than does a surface southerly wind—both 
becoming as a rule southwesterly or west-southwesterly 
in the upper levels. 

Average velocity increase.—The figures in Tables 11a to 
llc show that in the lower levels up to an altitude of 
about 1 kilometer the largest increases in velocity occur 
above surface southeasterly to southwesterly winds, but 
that at greater heights, i. e., 14 to 4 kilometers (and pre- 
sumably thence up to the base of the stratosphere) the 
largest increases are found above surface southwesterly 
to northwesterly winds. They are least in all seasons 
and at all heights above surface northeasterly to east- 
southeasterly winds. 

Average actual directions and velocities.—Tables 12a to 
12c contain actual wind directions and velocities, as deter- 
mined from the values given in Tables 10a to 10c and lla 
to lle. The following points are brought out: (1) The 
seasonal variation in surface velocities is small; (2) there 
is also little variation in surface velocities with direction, 
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Fia. 17.—Mean seasonal free-air wind directions and velocities, m. p. s. 












j. e., easterly winds are nearly as strong as are westerly 
winds; (3) above the surface all winds increase in speed 
up to an altitude of about 500 meters; on the average 
this increase amounts to about 100 per cent, but it is 
greater above westerly than above easterly winds; (4) at 
still higher levels easterly winds diminish, but westerly 
winds continue to increase; (5) coincident with these 
changes in free-air wind velocities there is a turning of 
the winds such that they approach very nearly a westerly 
direction, except that above northeasterly to easterly 
surface winds there is generally an east component up to 
at least the 4-kilometer level; and (6) the seasonal varia- 
tion, slight at the surface, increases rapidly with altitude 
at both the northern and southern stations. 

Frequency of free-air winds from different directions.— 
Tables .13a to 13f give the seasonal and annual per- 
centage frequency of free-air winds from different direc- 
tions at the six kite stations. Values for summer, 
winter, and the year at selected levels are shown also 
in figures 18 to 25. For convenience in contrasting 
summer and winter conditions the figures for those 
seasons at the selected levels appear side by side on the 


samepage. Following these are given the figures showing 
conditions for the year. Arcs represent 5 per cent 
intervals. 


The more striking features are: (1) The greater per- 
centage of easterly winds at all levels in summer than 
in winter; (2) the pronounced south component in sum- 
mer, especially at southern stations, and the equally 
pronounced north component in winter, especially at 
northern stations; (8) the resulting predominance of a 
south component at southern stations and of a north 
component at riorthern stations for the year; and (4) the 
very large west component at all stations for the year at 
3 and 4 kilometers. 

Clockwise and counterclockwise turning.—Tables 14a to 
14f give for each station the average seasonal and annual 
percentage frequency of clockwise and counterclockwise 
turning of winds from surface direction. In Tables l5a 
to 15¢ these values for summer, winter, and the year 
have been regrouped in a manner similar to that em- 
ployed in the preparation of Tables 10a to 12c, already 
described. The data in Tables 15a to 15c are supple- 
mentary to those given in Tables 10a to 10c. In the 
one case the percentage frequency of right and left turning 
is shown; in the other, the resultant average amount of 
the turning. The data in the tables may be briefly 
summarized as follows: (1) The tendency to clockwise 
turning is greater than that to counterclockwise forall 
directions near the surface but is most pronounced for 
southerly winds, i. e., east through south to west-south- 
west; (2) this tendency increases with altitude for these 
southerly winds and amounts to about 90 per cent at 
3 to 4 kilometers; (3) with northerly winds the tendency 
to clockwise turning does not change much with alti- 
tude, but the tendency to counterclockwise turning, 
small near the surface, increases to 60 to 80 per cent at 
3 to 4 kilometers; and (4) the turning is more pronounced, 
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especially near the surface, in winter than in summer 
and at northern than at southern stations. 

West component.—In Tables 16a to 16f may be found 
for the six stations the average seasonal and annual per- 
centage frequency of a west component in winds at 
various levels classified according to surface direction. 
An inspection of these tables shows at once that above 
surface westerly winds, i. e., north-northwest to south- 
southwest, there is a west component in practically all 
cases. It has been possible therefore to leave these out 
in preparing the supplementary Tables 17a to 17c, whose 
arrangement is otherwise like that in Tables 10a to 10c, 
lla to llc, ete. The figures show that at heights of 
3 to 4 kilometers a west component is more frequent 
than an east component above all surface easterly winds 
except those from northeast to east. The last line in 
each group of figures in Tables 17a to 17c gives the mean 
percentage frequency of a west component, when all 
surface directions are considered. The preponderance 
of a west over an east component at 3 to 4 kilometers is 
striking, the annual values for all stations being 89 per 
cent and 94 per cent, respectively. It is greater in 
winter than in summer and at northern than at southern 
stations. 

North component.—The two groups of tables, 18a to 18f 
and 19a to 19c, which give percentage frequency of a 
north component in the winds, are similar in arrange- 
ment to the tables already discussed. In general, the 
data here presented indicate that a north or south 
component in the surface winds persists in a ma- 
jority of cases in the upper levels, except that above 
a surface east-northeasterly wind a south component is 
the more frequent and above a southwesterly or a west- 
southwesterly wind a north component predominates. 
Other features brought out in these tables support the 
statements made in the discussion of Tables 13a to 13f 
and figures 18 to 25, viz, the pronounced south com- 
ponent in summer, especially at southern stations, the 
equally pronounced north component in winter, especially 
at northern stations, and the resulting predominance of 
a south cOmponent at southern stations and of a north 
component at northern stations for the year. 

High wind velocities.—Table 20 gives the percentage 
frequency of free-air wind velocities 10 m. p. s. and over 
and 20 m. p;s. and over. The frequency increases, of 
course, with altitude, is greatest in winter and least in 
summer, and in general is greater at northern than at 
southern stations. 

Table 21 shows the highest velocities that have been 
observed. In nearly all cases these occur with a westerly 
wind, usually between northwest and southwest. 

General remarks.—The foregoing discussion of wind 
data and the conclusions given should be accepted with 
the reservation that they are based upon observations 
that were made only under conditions favorable for kite 
flying, i. e., surface winds ranging from 2 to 20 m. p. s. 
and upper winds ranging from 5 to 35 m. p. s. Thus it 
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SUPPLEMENT NO. 20. 
fasie 7.— Mean free-air densities, kg./m.*, in different parts of the world. 





















































Summer. Winter. Annual. 
Alti North- UN South- 
United Central | United Central United Central 
met") Gres | ere | Strum, | Bates | get | Sito, [Baana, Gate [Canada| Euroe ect | Sop, | aus 
lat. lat. . lat. | t. | pat. 783 | Jet. | 43°N2 | 50°N3| lat. lat. | | formula. 
W°N. | goers | 52° NA | 40°N. | soon, | 52° NA 40° N 51° Na sr NA 
m | 
0 1.175 eh ee od 1.309 | eae 1.174 | 1.960 | 1.258 | 1.958 | 1.258 |......... 1, 225 
1,000 1.072 1.100 1.099 1. 159 1.147 1.151 | 1.067 | 1.114 | 1.134 | 1.128 | 1.198 | 1.1% 1.112 
2; 000 0.975 | 0.995 0.996 1.029 1.025 1.026 | 0.968 | 1.001 | 1.011 | 1.017 | 1.014 | 1.008 1.008 
3, 000 . 885 . 898 898 0.918 0.920 0.920 "871 | 0.902 | 0.905 | 0.913 | 0.909 | 0.908 0.907 
4, 000 . 801 . 808 | 808 .823 827 827 7 813 815 819 $19 | 816 . 820 
5, 000 72 2 721 738 143 743 ‘714 731 733 -735 735 | .734 . 735 
6, 000 653 653 653 . 662 «666 665 645 .657 662 | 661 .658 | .658 . 660 
7,000 587 587 “588 . 592 596 593 581 591 592 590 589 | .590 , 588 
8,000 . 527 . 527 .529 56 . 5380 530 .522 .527 .528 } .528 524 .528 . 525 
9,000 .470 .472 .473 464 469 466 469 . 468 470 | .467 . 463 468 .467 
10,000 418 419 .422 . 405 .410 .407 .419 .412 | 415 | .4il 409 .413 .413 
11, 000 371 369 ‘371 .352 355 .351 374 362 365 358 .355 » ge 
12) 000 .329 .319 .319 - 303 308 302 331 316 314 .307 305 mn Eemeiam 
13, 000 285 24 268 . 280 259 255 204 273 268 21 261 » parte. 
14, 000 244 234 234 223 221 216 261 . 233 23 233 .223 ae toa oe 
15,000 209 21 .199 .190 . 189 186 225 200 .198 -191 .191 ae Epadcia 
16, 000 .178 .172 .169 . 163 . 162 157 ‘191 ‘171 169 | .162 . 162 SND Vosenacke 
17,000 . 153 og, .139 oy Sapa 162 146 144 | 2139 oS elt ieee & 
18/000 130 A oo. ene ti 119 ke aieibeanees 135 1135 1m | .119 a Nae ac 
19, 000 i Se eo , 102 EE Acacecncees ‘113 :107 102 | 102 ce tO: pmennts 
20/000 095 on’'T....522.. :087 BD febocescces 091 091 | 088 | .087 SE bahar ‘iat 
j 
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and Trappes. y 


e, Strassburg, ) 
Physik der freien Atmosphire. VIII Band, Heft 2. 73-85. 1919. (Based on observations at Lindenberg, Strassburg, 


and Muni 


‘ yt fe H. The characteristics of the free atmosphere. Geophysical Memoirs, No. 13, Meteorological Office, London, 1919, M. O. 220c. 


* Draft lied agreement on law ow: 
Militaire, Section Technique. (Discussed by W 


Gregg in ‘The Standard Atmosphere.”’ 


for the decrease of temperature with increase of altitude, March, 1920. 
MONTHLY WEATHER REVIEW. May, 1920, 48:272-273.) 


Temperatures, pressures, and densities of the atmosphere at various levels in the region of northeastern France, MONTHLY WEATHER REVIEW, March, 
on observations at Tra pes, Ucel ich. 
i Linke, ber die Luftdichte. Beitriige zur 


p. 63. 
Issued by_Ministere de la Guerre, Aeronautique 


TaBLe 8.— Mean free-air densities, kg./m.*, at various latitudes and altitudes, as computed by Franz Linke.' 































































































j 
| Latitude. 
Alti- a AS he oe, DB PT e TIE Ey 
ery North South, 
| m, s. 1, ‘ fi o° Mean. | 
| 90° 80° 70° 60° 50° 40° 30° 20° 10° 10° 20° 30° 40° 50° 60° 70° 80° 90° | 
| | } 
m. | 
0; 1.408; 1.380; 1.342; 1.292; 1.264) 1.228) 1.198) 1.172] 1.164) 1.166] 1.171| 1.189] 1.210] 1.235) 1.253) 1.273 1.321 1.376 | 1.403 | 1.221 | 
| 4,000 | 0.851 | 0.847; 0.833 0.823! 0.811} 0.805 | 0.800) 0.795 0.790 | 0.790} 0.795 | 0.801} 0,808; 0.805, 0.803/ 0.808; 0.817/ 0.831] 0.844 | 0.804 
8,000} .510/ .515| .519| .523/ .523/ .528| .524/ .520) .518/ .518| .519| .520| .520|} .526/ .522! 511) .508; .504] .502] .§21 | 
12,000 . 282 . 288 . 292 . 302 314) .324 1384; .341; .345) .345 341 . 334 -332 .323 .314 . 295 . 286 . 280 .278 | .326 | 
16,000 . 156 . 158 .161 . 166 .172 . 182 .190 -198; .205  . 208 . 204 . 196 . 189 .181 .173 . 162 . 158 . 155 -153 | 187 
co CA owe | i | | 
1 Uber die Luftdichte. Beitriige zur Physik der freien Atmosphiire. VIII Band. Heft 3/4. 194-199, 1919. 
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TABLE 9a.—Average free-air winds at Broken Arrow, Okla. 
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SUPPLEMENT NO. 20. 
TABLE 9b.—Average free-air winds at Drexel, Nebr. 
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TaBLE 9c.—Average free-air winds at Ellendale, N. Dak. 
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1 Only 2 observations, 180° apart. 
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TABLE 9e.—Average free-air winds at Leesburg, Ga. 
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SUPPLEMENT NO. 20. 


TABLE 9f.—Average free-air winds at Royal Center, Ind. 
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AN AEROLOGICAL SURVEY OF THE UNITED STATES. 55 
TaBLE 10a.—Average deviation, degrees, of free-air winds pans, on TABLE 10b.—Average deviation, degrees, of free-oir winds oe Spf pms direc- 
direction at three northern stations—Drezel, Wllendole? ames Royal tion at three doutnaalinas eden Arrow, Groes and Leesburg. 
Center 
( Plus sign indicates turning to right; minus sign, to left.) (Plus sign indicates turning to right; minus sign, to left.| 
Summer. Summer. 
Altitude above m. s. |. (meters). Altitude above m. s. |. (meters). 
Surface direction. ! Surface diecticon.! | ——____—____,—___ —- 
500 750 1,000 2,000 3,000 4,000 \ 500 750 1,000 | 2,000 3,000 4,000 
+2 | +6 +6 —6 —25 —52 +4 | +8 +6 | ee — 
+1 —1 —18 —36 — 34 +12 | +14 +22 D lL sosechthsbenscdl as 
+1 +5 +10 —6 —60 —49 +4 | +3 +3 ~ | eer’ Ree 
+3 +5 +138 +27 —69 —192 +8 | +9 +10 | +16 +11 | +22 
+4 +11 +14 +29 +82 +146 +11 | +13 +19 | +25 ON. cccencedd 
+3 +12 +21 +52 +O |. ccccdbbab +16 | +24 +32 | +55 $08 | cosndenab 
+8 +15 +26 +54 +88 +110 +9 | +19 +27 | +35 +52 | +135 
+4 +11 +15 +48 +78 +64 +4 | +6 +i +20 +27 +16 
+5 +12 +18 +28 +40 +52 +4 | +8 +16) +24 +38 | +102 
+5 +10 +17 +28 +46 +45 +3 | +2 +6 | +7 +4 | -11 
+3 +8 +i +27 +36 +45 —3 | —2 —5 | —12 —~ |} aoe” 7 
0 +3 +5 +20 +25 0 —4 | 0 +18 | +28 +30 | —23 
+1 +5 +9 +9 -2 +1 —1 —2 —2 | —s —7 | —34 
+2 +7 +5 -1 +3 +8 +8 +15 +25 | +27 | eee 
+1 +3 +1 -1 —12 —29 —23 | —il —45 | —23 TEE hoaccedbie 
+1 —1 -1 —17 —22 —33 +4) +4 +4 | —27 | —34 —68 
oa — | i J 
Winter. Winter. 
| | 
a +16 +19 +21 —8 | —40 eS” ee we +4 +6 +7 —22 —45 | —45 
ran eaten ona +1 +5 +5|  —21 | ——........- ay, eee +12|  +16| = +18 +5| —28|  —90 
EERE NRE O'S 0 +8 +13 +13 ~ Oy RS  WRRSS 4 eegees | x +10 | +16 +23 —75 —90 |.......... 
Ti cccetebonsentnded +1 +15 +21 +857 | 3, 5 pepe sr srs Me edéadttcoccocessae —4 —5 —15 —l4 Od. cccak Sem 
ana a ae SS +9 +21 +28 +43 | +87 BE i peahelt ten nconethd +40 +8 Py, Aone oS TE mepee bin. « 
Ti nesnehdichsonenanlih +5 +20 +36 +87 | +117 +150 SE, oS a Rt | +7 +30 +38 +70 +82 +98 
tessa K Bencscuied +B +33 +42 +88; +4111 +120 Mi Rtessshethhdavecdetia | +226 +42 +42 +56 OD hccoccedade 
ORR FF wee +8 +29 +43 |* +77) +96 Ma nccandedoncosdetia +25 +30 | +44 | +50 +71 | +67 
RRR rear +8 +21 +33 +64 | +81 ( 2 | Seb apg. | +7 +16 | +23 +39 +54 | +113 
IY 2<0chdidiiawecaseiiel +7 +20 +32 | +53 | +60 +71 ST acsehcit Guascodelia | +10 | +16 | +19 +38 +37 | +62 
| RRR eRe Fe +7 +20 +30 +48 +48 +45 ERR. SEE: 3 | +12 | +15 | +23 | +42 +857 | +66 
MDW .ccsdidbbococccda P +5 +16 +24 +33 +33 +42 RL a | +3 +4 | +11 +24 +62 | +22 
DBE ET Ree Te +6 +16 +21 +26 +23 +13 REL eS RRR +3 | +11 | +11 +11 +11 | +45 
NWT woos db Eb occoccied 0) +5 aN +6 —1 -9 ST us chdtdnmeneasdadha +10 | +11 | +18 +17 +11 | —22 
SED ..cacpdbdibaccacadal +1 | +4 +5 —7 -1b —22 ONE ee 0 +1 0 —8 | —19 —2 
STE +3 | +3 +2 —12 -17 . i OS AE) +1 —1 | —1 —19 | —2 —12 
—— : — ee ——— — — a _ a = i - 
Annual. Annual. 
| 
ST epee ene AE +4 +6 +8 —8 —26 —40 ES SSO! dl +2 +6 +6 | —18 —33 —32 
EE -issdsenseuicuueune +1 +3 +4 —12 —32 —54 NNE..... + ERIS Ba +7 +8 +8 +9 —45 —61 
i bee a ade +1 +6 +9 -1 —53 —40 REE. RS By +4 aN +10 —23 —19 —6 
eiibebursentaadecgen +1 +7 +14 +27 +31 +64 EID. + sop dieses sctemte +4 +9 +9 +16 —21 +22 
TS TF CO FF +5 +13 +19 +34 +66 +79 ES SS Bb +18 +24 +31 | +44 of er 
Seay eer +5 +17 +27 +59 +95 +118 Siie<scendthesesnthenna +10 + +32 +60 +75 +115 
Th.» s0<pSbdbioscodehal +8 +20 +28 +61 +86 +106 ld. nab Minndsiaabetied +12 +22 +31 | +47 +65 +105 
DED wcostndbdbsccoseed +6 +16 +24 +50 +71 +70 Ts ntnandities-esaiddnnd +12 +18 +27 +44 + 64 +62 
b  saicbeh di SeianGh teil +7 +15 +23 +40 +55 | +67 (AR + SARIS Bn +5 +11 +16 | +32 +46 +66 
BNW .cccn Sodpnecccduitel +6 +14 +22 +36 +49 +60 ee EE +4 +8 +11 | +22 +25 +28 
SN <n cechdtivcencotabel +4 +12 +17 +32 +43 +47 RE RD Fp. +4 +6 +9 +21 +29 +651 
MEW. . co Bdiiiescnduball +2 +10 +15 +25 +31 +33 RE RNG 4 —1 | 0} +5 +8 | + 26 +9 
ve sebe quaaasenindll +2 +10 +14 +16 +10 +12 RRS 5 i Be +1 +6 +10 +9 | +9 | +6 
RIN W ova Sndococscsdcl +1 +6 +8 +4 —3 4 NOY cockithingecesetdbas +5 +7 +14 +13 +2 | —22 
. Sa ees Pe +1 +4 +4 —4 —4 —31 RR a Stn —2 0 —6 —§ | —12 | —8 
Se “ans FE” +2 +2 0 —6 —l4 —27 RE ee EER Rica —1 0 0 —21 | —28 | —36 
' | 





) Average surface altitude, 350 m. above m. s. 1. 





1 Average surface altitude, 150 m. above.m. s. 7 
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direction at all six stations. 


SUPPLEMENT NO. 20. 


TABLE 10c.—Average deviations, degrees, of free-air winds from surface TABLE 1la.—Average increase, m. p. 8., of free-air wind velocities above 





surface velocity at three northern stations—Drerel, Ellendale, and 





































































































Royal Center. 
{ Plus sign indicates turning to right; minus sign, to left.) { Minus sign indicates decrease.) 
Summer. Summer. 
Altitude above m. s. |. (meters). Altitude above m. s. 1. (meters). 
Surface direction.' | — Surface drection. ! 7 
} 
| 500 750 1,000 2,000 3,000 | 4,000 500 750 1,000 | 2,000 | 3,000 | 4,000 
- | } a | / i 
| 
Les sessspevubcaiieus ths +3 | +7 +6 —5 —25 Se ee RR Ae 2.0 4.4 4.6 | 4.1 | 5.5 | 9.2 
BB issiinnesd@ere.o +5 | +6 +8 —l4 —36 . Fh aR ogee: § 1.0 2.8 2.9 | 2.8 1.5 | 2.0 
Re sersshesdebcrvde fe +2 | +4 +6 —8 —60 foe Saaebe Seaeehe 5. 1.8 3.6 3.2 | 2.4 | 3.4 | 4.0 
9S Et Sea Te +5 | +7 | +12 +24 —42 . ie. See epeegeene: = 2.2 3.3 2.7 | 1.7 | 0.4 | 2.5 
CAAA. RE AE +8 | +12 +16 +27 +64 +146 SNe EGC. 1.3 2.9 23; 03 —0.6 | 1.2 
i RRR, RE +10 | +18 | +26 +53 | +78 Lisccsthane Bess cescbt coscocendhe | 1.5 3.2 3.4 | 1.7 | 4.0 }..000clae 
Bt,...0b dep docas~<. oes +8 +17 +27 +44| +74 Re span papreseat a Sa 3.2 34), 21 44) 43 
Re Cope s +4 | +9 | +13 +37 | +58 , a SIRES ae S 1.8 3.9 4.4 | 4.7 4.5 | 3.6 
ee areas +5| +10) +14 +26| +39 *: Er oetphgea :. Riagoens 2 2.3 5.2 5.5 | 4.6 6.0 | 3.1 
Re Doras +4 | +6 | +12 +18 | +25 Or ee. ¢ Spats 1.9 4.3 4.9 | 5.3 5.9 | 6.3 
ee See St 0 +3 | +3 +11 | +20 +45  SESPRER. SERS: ¥ 2.1 4.0 4.8 | 4.6 6.6 | 8.3 
POW 0 oh div dodunede gos z +3 +3 be = gp OPE ROSES Ls es 4.9 | &6 ue 8.1 
Be aanadborbtcedends ths +3 | oe ee ee, SRR SepESSE Rs: ! . 4.7 | .8 .6 | 13.3 
WII site digstocccce dhs +5 | +11 | +15 +13 +2 : 2... See -aegene & 1.8 4.6 5.3 | 6.9 9.1 | 11.2 
. Ss eee —5 | —1 | —10 —6 —15 —29 A, REND Ee | 1.4 3.6 4.3 | 7.0 8.8 | 12.0 
| SARE? SRS | F +3 | +1 +1 —21 | —25 SHS 3 TNW ois. .cccee ces 1.0 2.7 3.1) 4.1 6.1 | 9.0 
| | 
’ . 8 ee ieee: ccs 1.8 4.0 4.3 | 4.3 5.0 | 6.4 
Winter | 
| Winter. 
Soe 2 oiege Fm +10 +12 +14 —15 —43 | —46 
NNE Ee S ~OMEESS ees +6 +10 +10 —8 —40 | —90 | 
Eh. cnagh Midsnsne dada! +5 + +18 —31 45 |... cccsbue 
lise sbtboce scenes td —1| +7 46) +90) +40 |.--ccoceee ¥ -s -. te kf 
byes SoS A +21 +34 +51 +43 +87 +112 06 14 L8 03 eS ngewe 
Te. dpiibecaressotd +6; +25) +37/ +80/ +108) +132 ‘} is J aol . Rel tee 
Rg Pee ee +18 +36 +42 +76 +106 +120 17 40 ra 3.2 | 2 yippee: 7 
DAD... . .cndin de -0 +o cothe +16 +30 +44 +63 +84 | +84 ‘28 43 40 53 6.9 10.4 
RRR RARER - +8 +18 +28 +51 +67 | +74 24 53 59 8.7 10.4 16.0 
IRD. .cckdlinbecese dete +8 +18 +26 +45 +48 | +68 33 70 78 8.2 | a4 144 
ers +10 +18 +26 +45 +52| 9 +58 33 86 77 £6 | 10.8 27 
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SUPPLEMENT NO. 20. 
TaBLe 12a.—Average free-air winds, m. p. 8., for different surface directions at three northern stations—Drezel, Ellendale, and Royal Center. 
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{Based on Tables 10a and 1i1a.] 
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winds, m. p. 8. for different surface directions at three southern stations—Broken Arrow, Groesbeck, and Leesburg. 
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TaBLE 13a.—Average percentage fr of free-air winds from different TaBLE 13b,—Average percentage frequency of free-air winds from different 
directions at Bro rrow, Okla. directions at Drexel, Nebr. 
sa Altitude above m. s. 1. (meters). Altitude above m. s. 1, (meters). 
urface eason Surface 
direction. ® x } direction. 8 
233 | 500 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 396 | 500 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 
> mm —_ eaeen amen er er — _ — : : 
Spring........ Tis Ole Ola 61... Sian, | OL... Sprin | 
Summer...... 3 4 Sic 41. i Bemee eR a... ? 7 H 3 i i 2 3 

N...ccooee Autumn...... 11 s 5 4; 6) 8 0 © 4 B.ccdse Autumn...... y 9 7 6 6; 3 1 0 
Winter. ...... 15| 14 . 11 | 5 | 4 0 0 Winter........ 11 11 9 6 | 3 1 1 0 
Annual....... y 8 5 5} 4) 32 0 9 r) 8 6; 5 2 2 0 
Spring:....... 7 eee Cee ieee | ee ee 6 late 
Summer. ..... 4 2 2) 4 | 4) 0} | er 4 | 4 3 , b 0 

NNE...... Autumn...... 8 8 s 7) 6 | 7 | 7 5 5 4 3 | 2 | 1 2 0 
Winter........ 9 9 9 sic ttm @ 0 4 4 | 3 2; 1 i 0 0 
Annual....... 7 7 6 4} 4]. 3] 3 0 5 5 4 Jett 1 1 0 , 
Spring........ 5 4 2 Pee ee: ey) Sprin | 5 ) 

Be hoc 8 6 6 4 2 | om ett. pee ae $| 8 ‘| 1} 10 0 0 

NE... dhs Autumn...... 5 7 7 | 6 | 2 | 2 | 0 0 WE... disc: Autumn..... 4 5 | 4 2 | 2 1 0 0 
Winter........ 3 4 3 4 0 | 0) 0 0 Winter........ 2 9 | 3 2 | 1 0 0 0 ; 
Annual....... ed ee Se 0 Annual....... ig Sis 41, 4 en | ee * ee 0 
Spring........ 2}. 3 1 ie Pe ee) ae Spri | 

“1peat 1 4 3 rote RP 9 pscqen  — Spee 3 sit 3 H | a) oye ; : 

ENE...... Autumn...... 10 2 3 3 1) 0} 0 0 ENE......Autumn...... 1 1! 2 11 10 0 0 0 
Winter........ 0 1 3 Oo; Si. ae (6 0 Winter........ Sis S812 B42 96 1 0 0 0 
Annual....... 1 3 3 2 1 | 0 | 0 | 0 Annual....... 3 3 | 3 1 1 10 10 0 
Spring........ 1 3 3 “per iy) See 8 

mmer...... 2 1 2 1 yer | rae 3 eeoeee tt ‘ sit 3 2 3 b b 0 ‘ 

B..cctheul Autumn...... 10 0 1 0 1 | 0 0} 0 E... Autumn...... 2 2 | 2 1 1 0 0 0 
Winter........ 0 0 0 2 0 | 0) 0 | oe ee Winter........| 2 1 2 1 1 1 0 0 ; 
Annual....... 1 10 1 1 2) 1) 0 0 Annual....... 2 3 2 2 2 10 10 0 : 

. | | } 
Spring........ 2 4 5 2 2 0 | a Sori 

a Summer...... 1 0 1 1 ce? | OL... mae.” H | 8] : : 1 3 0 

ESE --,Autumn...... 10 1 0 1 0 | 0 | 0 | 0 ESE Autumn...... 9 2 | 1 1 10 0 0 0 
Winter........ 1 1 u 0 0; 90 0) 0 ~~ aa Winter...... 2 2 1 2 1) 10 0 0 
Annual....... 1 1 1 1 1) 0) 0 0 Annual....... 3 3 | 3 2 1 10 10 0 : 
Spring........ 9 5 2 2 1 ee 
Summer. ..... 6 3 0 0 0 0 | eae paring 2a 4 é ; : 5 i 0 0 | 

_ eae. Autumn...... 5 2 2 0 0 0} 0 SE Autumn...... 3 2 2 2 2 1 1 0 
Winter........ 2 1 1 u o; oo; o oe eee Winter........; 4 3} 3 1; 10 1 0 0 
Annual....... 5 3 1 of ek A ee” ee Annual....... | 6 5; 4 3 2 1; +0 0 
Spring........ il 9 7 3 2 SS grt ae 8 | 

; Summer... ... 15; 1 . 4 6 | 3 | ee as. ae Pp S ; : } ; ; H 4 

BBE..ceces Autumn...... 14 13 5 2 | 2 | 2) 0) 0 SSE Autumn...... 9 9 5 3 2 1 1 0 
Winter........ 10 4 2 1 Oo; oO; oO} 0 Ba jf Winter........) 7 7 3 2 1; 10 0 0 
Annual....... 13 11 6 3 3 | 2 | 0 0 Annual....... 9 9 6 5 4 2 | 2 2 
Spring........ 28 28 19 ll 6). 2} >), er ‘ 

Summer... ..- 3| 16] 10) 37) a7]° BR) og fecccc2 a eh Cis: Sie Bia Bi... SievSi § : 

. : ummer...... 12 13| 12 10 9 7 7 8 

Bicscstidenn Autumn...... 30 27 28 22 16 | 13 | 0} 0 ; 2 

A S...cctheed Autumn. ..... 16 il 12 10 8 6 4 0 
Winter........ 2; 1 7 5 8 4 0} 0 Winter........ F 8 5 4 4 2 1 0 
Annual....... 25 23 19 15 12 | 12 6 | 0 Annual....... ll 10 10 Ss 7 5 “ 2 
Spring........ 8 13 26 24 22 4 ee Spri | 6 
Summer... ... 22 25 28 28 24 | 12 | | eae eee moses : ° ° 4 u . 

Tht : ‘ oa’ Summer. ..... 15 15 14 | 18 18 14 15 0 

SSW. ocee- Autumn...... 12 14 18 23 26 ll 20 | 0 ssw Autumn 12 12 17 15 13 11/4 7 0 
Winter........ 8; 4] mw] | WwW) 4) 0 9° ene Winter........| 9) 7 ol 6° ste ow, 8 0 
Annual....... 12 16) 2 23 21 | 9 18 | 0 Annual....... 10 10 12 12 11 9 8 0 
Spring. ....... 6 6 | 9 21 26 25 | 3pri ! 6 2 

on Summer...... y 12} 15 19 | Sewer) RD: 8 ese ae... ; : ul 12 17 19 15 % 

SW....... Autumn...... 5 6) 6) 13) 18). 3) 2B 0 sw Autumn...... 7h @ s| 13) wi) un 16 
Winter........ 12 8) 4/20 15 4 0 hk Cee Winter........ 7 8 8 9 9 5 ; 10 } 
Annual....... 7 s | uy wy ay eC u Annual....... 7 8 Sc ult Blo oe 9 3 
Spring........ 2 3 | 3 | 5 | 6 25 | ——— 3 ‘ 2 

‘ Summer. ..... 1 3 | 6 | 5 6 | 5 | {ae ering. - 8 ; ; H : H 3 i5 7 

W8W..... Autumn. ..... 10 oi, (4H. & 7; 16) 2) 2% wesw Autumn...... 4 4 5 6 8 12 10 5 

Winter........ 3 7 | 7 | 5 8} 20 @ GF: san © Winter........ 6 5 9 ll 10 12 16 0 
Annual....... | 1 4 | 5 | 5 7 | 16 | 18 | 20 Annual....... 4 4 6 s ‘ 12 13 5 
ee 2 2 3 | 5 5 9 CF Spri : 6 26 40 f 

- |}Summer. ..... | 1 2 3 | 6 6; 10 —{ Geroneee ee : ; : ; 5 ¥ 10 0 

Wt Autumn...... 3 3 5 | 7 7 Ss 26 75 Ww Autumn...... 2 2 5 7 7 11 23 26 
Winter........ 2 4 5 | ) eee 20 | eM... “ane! Winter........ 6 7 5 v 13 20 27 30 # 
Annual....... 3 3 ‘i; =6S 7; 8] @ Bae Annual....... 3 4 4 6 8; 21 2 4 
Spring........ | 2 1 , 4 7 0 Spri ‘ 5 7 2 ' 

saa Summer. .....| 1 1 0} 0 1 5 0 - ae vee 3 3 2 ‘ 6 | 12 10 26 

WNW....) Autumn. ..... Bo Se Ai; 3 3 5 7 | 0 WNW....Autumn.....- 4 3 3 6 9| 18 15 16 
Winter........ 3 3 5 | 3 14 23 ou 100 age ier... 6 6 8 10 16 28 31 40 i 
Annual....... 2 1 2 2 4 | 8; 12 20 | Annuai....... 4 4) 5 6 10 18 18 22 

| | 
Spring........ 2 4 4) 6 y y | er irs 7 0 2 7 20 
— ummer...... 0 1 2 | 4 4 0 __ se | en a as : 6 | ’ " - 8 . i 
WW. shite Autumn...... 3 3 3; 2 1 3 7 0 NW 2 Autumn. ..... 9 9 12 13 4 15 19 | 1 
rinter........ i. 8 7 oiy Sl Sheep oI oi tae '| Winter........ 9} 1] 14 19; 2 18 16 0 * 
Annual....... | 3 3 4 6 7 | y 6 0 | Annual....... 8 8 10 13 14 15 18 | 29 
Spring........ 5 4 5 3 3 y ) aa l(Spri ) 0 0 8 9 4 0 
umMMer. . . ... 3 2 2 2 1; 3 0 |....... Monme...... v7 ‘8 9 3 7 5 | 0 
NNW..... Autumn...... 3 4 4 4 6 5 | 0 | NNW.....4Autumn...... il 122; il 12 10 9 6 0 
inter........ 5 5 8 7 gee | ee 0 “**""!)Winter........| 16 16| 18 16 13 8 2 0 
Annual....... 4 ‘ . 4 4) ae 0 | Annual....... il nu! wu ul 10 | 8 4 | 0 
' Less than 0.5 per cent. 1 Less than 0.5 per cent, 
97247—22 +) 
\ 
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TABLE 13c.—Average percentage 
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TaBLE 13e.—Average percentage frequency of free-air winds from different TABLE 13f.—Average percentage freq of free-air winds from different 
directions at Leesburg, Ga. dhrections at Royal Center, Ind. 































































































Altitude above m. s. 1. (meters). Altitude above m. s. 1. (meters). 
gean.| % | l direction. |  Se88on. 
85 | 500 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 225 | 500 | 1,000 | 1,500 | 2,000 | 3,000 | 4,000 | 5,000 
OT Ss —_— } ee: ae —_ a on > a — en ee | — — = —_ ’ —_ 
Spring........ 4 2|-5 5 0 0; 0 0 Spring........ 3 i .-< 3 4 4 o} 0 
Summer...... 2 2 5 4 0 0 jee Summer. ..... 7 5 6 6 7 0 D Echouee 
oe. cosas Autumn...... 4 4 5 6 3 5 14 ® Weis Autumn...... 1 3 3 2 4 5 ee 
Winter........ 4 1 | 5 3 2 0 | 0 0 Winter. ....... 1 0 0 2 3 0 | 
Annual....... 4 4 | 5 + 1 1 | 0 Annual. ...... 3 3 3 | 3 | 4 2 2 | 0 
Spring. ....... 5 3} Oo 0 3 0} oO 0 (Spring........ 6 5 6 4 2 2 0 | 0 
Summer... ... 0 0 | 0 0 4 0) | ae |Summer...... 4 7 7 | 4 4 3 i =" 
NNE.....- — etnies : 4} 5 . - : | 0 0 NNE — ebdecp : 4 2 3 | 2 2 : bebeoe 
Saber... ic... 5 | 5 0 0 inter........ 2 3 | 1| a, .. UA TS besos 
Annual....... 4 3 | 2 2 3 2 0 0 (Annual... .... 4 4 4 3 | 2 2 0 0 
0 
Spring........ 4 1} 1 2 | 3 4 0 0 Spring ........ 4 6 2 5 | 4 2 0 
Summer... ... 4 4 | 3 4) 4 0) oS ae Summer... ... 3 2 1 3 3 2 D hicntists 
| Autumn...... il ll 9 9 | 10 5 | 0 0 | Ses Autumn...... 3 3 1 0} 0 0 jen 
WwUeer.. .....- 6 1 | 0 2 | 0 0} 0 Winter. ....... 2 2 3 1| 1 0 5 Sea 
Annual....... 6 3 | 3 3 3 2 0 0 Annual....... 2 | 3 1 | 2 | 2 | 1 0 | 0 
| | | 0 
Spring. ....... 5 5 | 3 2 0 0 0 0 Spring........ 3 | 3 7 | 5 | 4 5 7 | 
Summer... ... ll 5 5 ll ll 6 P lvesevee Summer. ..... 2) 3 4) 4) 2 | 2 Od wtese 
ENE...... Autumn...... 13 ll 17 19 14 11 0 ®° We.1.2 Autumn...... 1 | 2 | 2 | 3 | 1 | 0 9 Paap 
Winter........ 8 10 | 6 5 4 3 0 0 Winter........ 5 | 5 | 4| 1 1 | 2 eae 
Annual. ...... 8 7 7 7 6 4 0 0 |. |lAmnual....... e)). 8) 84. 8 2; 2 2 0 
| 
Spring........ 6 9 4 0 0 0 0 0 Spring........ ll 9 5 3 6 | 4 0 
Summer...... 24 32 28 22 23 20 OD Be ees. Summer... ... 6 3 2 1 | 2 | 0 @ I deveds 
Biesc acces Autumn...... 20 22 14 12 10 12 0 0 Bo cacwwvas Autumn...... 4 | 3 | 5 | 3 | 2) 0 © lepevces 
Winter........ 2 4 3 3 2 0 0 0 Winter........ 4 3) 3 | 1 | 1 | 2 PD Rsheans 
Annual........ li 14 10 7 7 5 8 0 Annual. ...... 6 4 4) 2 2) i 2 0 
Spring........ 7 4 4 3 3 0 0 0 Spring........ 4 | 5 7 2| of o 0 | 0 
Summer...... 7 + s ll ll 13 _) ae. a Summer...... 3 | 5 2) 0 | 0 | 0 i leoweats 
ESE...... — sh te : 6 5 : : 0 0 0 ESE...... Autumn...... : ; ° : | 1 | ; : et Ger 
ae 2 | 5 y 0 0 0 Winter........ | Oa. iptbes ) OS lecccces 
Annual....... 5 4 5 ‘| 4 2 0 0 noual....... , 8. 2 1} to}; 0 0 | v 
Spring........ 5 6 5 5 0 0 0 0 Spring........ 6} 5| 2) «| 2]. @ o} 0 
Summer ...... 4 4 5 7 8 7 O Lsise. Summer... ... 5 | 2 3 | 3 1 0 OL ties 
Os ced Autumn...... 8 8 12 ny) 7 0 0 S Miia Autumn...... 6 6 2 1 | 0 0 ariars 
Winter........ 0 1 o} oO}; oO}; oO} 0 0 Winter........ | 2 i] 4 | ml SPER ] eeeeeee 
Annual....... 4 5 5 4 3 1 0 0  ~ 6 4 2 | 2 1 0 0 0 
Spring........ 9 6] 1 3 3 0 0 0 Spring........ 7| 2 2} 2] o 0 0 0 
Summer... ... 0 2 8 4 4 0 Bt. tte Summer...... 4; 5 hi atid 0 |) re 
SSE.......4/Autumn...... 6 4 2 0 3 5 0 0 ee Autumn 5 5 5 | 4) 2 1 O |..ccece 
|} Winter........ 4 0 0 2 0 0 0 0 Winter........ 10 | 8 3 | 1 | 1 2 | are 
Annual....... 5 3 2 2 2 1 0 0 SEES o@0<bs 6 | 5 4 2 | 2 1 0 0 
| 
Spring. ....... 12 11 14 7 5 0 0 0 Spring........ 10 6 | 7 | 5 | 3 4 0 0 
Summer... ... 4 4 0 4 4 6 {Sees Summer... ... 6 | 6 | 2/ 3 | 1 0 © I.cesssco 
Divtisssson Autumn...... 6 10 2 3 3 0 0 0 B.ccmeoseti Autumn...... u 7 | 8 | 5 | 2 | 1 © |. .cecce 
|| Winter.....-.. 12 2) 5 1 0 0 0 0 Winter........ 3 si: BF Bh.aSl wa Oe chedee 
j}(Annual....... 10 10 | 6 4 3 1 0 0 Annual. ...... 7 7 | 6 4 3 | 2 | 0 | 0 
| | | an 
| Spring. ....... r 2 15 | 2 21 16 4 0 0 Spring. ....... 6 12 | 6 6 7 | 4) ‘| U 
|}Summer...... | 5 8 | 10 4 4 7 DP tetavse Summer ...... s s 8 3 | 3 | 2 _ | 
SSW...... {Autumn...... Be ites | 12} 5 7 5} 14 S MGs Autumn...... 2; 8 9 10 9) 0)....... 
|| Winter........ | 6 | 8 | 15 15 13 8 0} 0 WEEE. Feces 7 7 6 10 | 7 | 5 | | 2 meeeeee 
}(Annual....... 8; 10 15 15 il 6 4) 0 Annual....... 12 12 14 15 19; 20 19 | ) 
Spring........ =. | 4| 9 12 16 20 25 0 Spring........ 8) |) 6 16 is| 13 12 | 0 
Summer... ... 8 | 7 | 5 0 0 | 7 BP aisevess Summer...... 13 12; 12 19 2% | 2 3 eee 
See Autumn...... 2} 4) 5 6 13 21 43 S OWrssas Autumn...... 4; M4 17 i4 21; 2) 19}....... 
Winter........ 9 | 4 | 6 5 10 | 19 17 0 Winter........ 13 10 11 12 i ‘Sp? ) SPL... 
i\{Annual....... 7 | 5 | 7 7 it | is 31 0 Annual... .... 9 10 | 7 S 6 | 5 | 6 0 
| | | 
Spring........ 1 | 5 | 4 10 13 28 25 | 50 Spring........ s 1; ° ll 15 13 13 | 7 0 
Summer... ... si uth ae Sie ee | ae Summer... ... 17; 21; 2) | 21 16] 10)....... 
WSW..... Autumn. .....| 4 | 0 | 0 0 3 | 5 0 | 0 wswW..... Autumn...... 8 22} i 4 "eee  @aL Seem 
|| Winter........ S08 be: 29u 7 | 8 7 5 0 | 0 Winter........ 9 15 13 15 15 10) 14}... 
itAnnual....... 5 | 8 5 8 8 13 ll 25 Annual....... 10 14 14 16 15 15 15 0 
Post 
Spring........ 2 4 7 | 8 19; 16 13 50 Spring........ 13 11 10 1 14 18 20 | 0 
[Stimmer aye. Cie 17 10; i} 8 7 Ti wshoos summer <6 ois | a 8 14 17 ll BT” | SD lecccces 
Wevcecctee Autumn...... 2 | 4 2 3 | 7; 16 29| 100 Wessiesat Autumn...... ia ll; 17 19 23) 19)....... 
| Winter iso | of o| a3! a5] 18) ww] 33 Winter........ | a3] as} | a3! a3] a7] wy... 
Annual....... . Bike 9| 10) 4] 6} 50 Annual....... | i 2; | 0 17 22; 2 0 
Spring. ....... | 12 ¥ 8 s| 8] 6 13 0 Spring........ | state 6 ‘ 17 20 50 
mt Summer. .. ... 4 | 2 5 7 | 8 | 7 D lveeonk |}Summer...... 3 5 | 8 8 9 13 10 |.....-- 
WNW..../}Autumn...... 2 | 2 5 3 7 | 5 0 0 WNW....){Autumn...... 10 10 10 8 8 12 _, ae 
Winter........ 10 | 8 12 18 | 20 24 33 0 |) Winter. ....... | 8 ll | 14 19 20 23 14 |..... :- 
Annual....... | Pies 8) ul 2) wy 0 | Annual. ...... 7; 8} w] 0) Ml 6) 17] fo 
Spring........ | 6] oo] az] ia] 8} sf 2 0 (Spring. ..-.... 4 4] 6 9 2B 9 w 0 
* Summer... 4; 4 0 or” 64 “9 Bie3 \|Summer...... 4 a} 5 6 6 lit )== 
e...:4 Autumn. ..... oj o| o| 6| of oo} o Y we Autumn...... Slice Beeb cello 2h. hte) Oh-—- 
Winter........ 9 10 | 12 13 13 | 19 17 100 Winter........ 2 5 | 6 y 8 3 © fccoces 
Annual....... 5 6 | 8 10 7} 10 8 25 Annual....... 4 5 7 | s 10 7 15 0 
Spring........ 3 | 2 3 2 | 3 4 12 0 | Spring.....-.. 4 4 | 4 4 4 5 0 50 
a Summer... ... 0 | 0 | 0 0 0 | 0 3 eee ||Summer...... 1 4 | 2 3 5 7 D A weswes 
NNW..... Autumn...... 6 6 5 0 3 5 0 0 NNW..... Autumn...... 2 3) 4 8 4 4 G |.. 000 
Winter........ 4| 8 | 6 5 y 0 0 |) Winter........ 3 3 3 1 1 | 1 0 |...-... 
Annual....... 3; 4 3 2 &; 3 4 | Annual....... 3 3; 3) 64 4 4 2} 680 


| 





| 


1 Less than 0.5 per cent. 
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TABLE 14a.—Average percentage fre cy of clockwise (cw.) and counter- 
clockwise (ccw.) turning of winds from surface direction at Broken 
Arrow, Okla. 


SUPPLEMENT NO. 20. 


TABLE 14b.—Average percentage fre 
terclockwise (ccw.) turning of win 
Nebr. 


yx of clockwise (ew.) and coun- 


rom surface direction at Drezel, 


| 
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Altitude above m. s. 1. (meters). 
Surface | 
direc- | Season. 500 1,000 2,000 | 3,000 4,000 | 5,000 
tion. 
a | 
| ew. |cew. ew. |cew. | ew. |eew. | ew. |eew.| ew. |cew. | cw. iw 
j | | | 
al 
\(Spring....| 27 0! 38 0; 40; 2; O © lL ncccheccepfecees Loess 
||Summer. . 0 0; 0 0 = Pree ss wees 
iowecaa XAutumn..| 25; 8 50 9| 10} 40 0} 100} 0} 100 |..... ae 
!Winter....) 14) 0} 30] 22] 11] 56] O| 67 }.....40....].....}...<. 
j{Annual...; 20; 3) 44] 12) 15} 38| Oj] 67 yD aR pete 
| | 
Spring....| 8} 17; 18) 45| 44) 44] 
|}Summer..| 50, 17) 80/ O 0 0 
NNE...Autumn..} 35/ 0/| 5/| OO} 38] 25] 
|\}Winter....; 23) 8 46] 15) 40] 20). 
j(Annual...| 27; 8) 47 16 | 38] 29 
| | 
\(Spring....| 25 | 0 32; O} 60; 20) 100 SS t ee ee 
|jSummer../ 18; 18; 10] 20) 12] 62 ].....]....-]..cccfewepe|-.0--[e.-0e 
NE.....4Autumn..; 18; 0 | 20 10; 20} 60; 07} 100  ( a 
Winter....; 20; 2/| 50 | 25 0] 100; Of} 100 }.....}.....)..-..}..-.. 
Annual...| 20 | 9; 31] 12] 26] 53] 17] 8] ©} 100)|.....]..... 
| 
Roding... 33 | 0, 190 0, 100 a? eefcoree cejeecesleccce 
\jSummer..| 0; 0O ) a2 Oe ee ee See ee eee 
ENE....j;Autumn..) 0} 0] 0} 0 dens Dilsc cccbedinc cPLA lscesclsccce 
i, a ee ee eee eS ee ee eee ee Fe ee nee 
Annual...) 17| 0 | 60 | 0} 100 © |. -cobscencheddblbowopelescccle secs 
| | | | 
Spring....| 75) 0} 100) 0| 67 | SS Pa ee ee ee ee 
|jSummer..| 33 | 33 | 33) 33 0 D | ovcahevovelosbibhlidee Jocecelecees 
E. Autumn..} 100} 0/] O|; 0 Dt FP hordes: wi Wal ee See 
a A Laond Ee Fe RS Ee Baa A Se ee 
\\Annual.../ 62) 12] 62) 12) 50 _ RE? OR NS ek Ee Ee 
\(Spring....| 67 0; 67; O} 50] 50 
|jSummer..| 100; 0/100; 0} 100 0 
ESE....4Autumn..|/ 0; 0/100] O|}.....J..... 
|| Winter. . 50 | 0 | 100 | 0}100} 0 
j{(Annual...| 62) 0 8; 0; 80; 2@ 
| Spring....| 36| 21 | 7| 8| 89] 1] 67] 33]....}..... es, sta 
|jSummer..; 75 0| 100; 0} 100 0 | 100 0 | 100 BD focescleccce 
SE...... XAutumn..| 60| 0/100! 0/100} 0/] 100] 0} 100] 0| 100 0 
Winter....| 67 0 | 100 | 0} 100 © f.. cachvcos ewe chbase BRM - hee 
| Annual...| 54} 9] 91 3/ 96] 4] 89] 11/100] 0| 100 0 
Spring....| 53| 0 | s1| 0] 92] 8|100| 0/100] 0|.....|..... 
\|Summer..| 9| 5 | 57| 5] 81] 0} 8] Of] 100} O}.....)..... 
SSE.....\{Autumn..| 37} 0| 76! 3{ 95| 0|100| 01100} o| io] 0 
|] Winter....| 86| 0 | 100; 0/100) 0/100] O}.....)..... ae 
}{Annual. >) 41 1] 77) 2) 2 2| 6 0 | 100 0 | 100 0 
| Spring....) 24 | 2 | 65; 2] 94 0 | 100 0 | 100 0 e6esdlascos 
\|Summer..} 36} 3/| 61} 3] 72) 4] 7 Th ig | eke Rae 
4Autumn..} 19 3] 39 3] 72 3; 70 5 | 100 7 Eeoescianens 
Winter....| 31} 7| 79} 0] 92] 0/100] 0O]100}] O/|...../..... 
|(Annual.. | 26; 4 |; 57} 2] 81 2| 82 2 | 100 D litecelapnes 
\(Spring....| 15] 15] 46] 15] 83] 0} 86] o|100| oj....|..... 
Summer..| 22} 0} 42 0| 57 5| 62] 31 Ds bncccsidbous 
SSW....){Autumn..| 28} 0] 45/ O| 71] 6| 43] 29|.....|.. cy: 
|| Winter....| 33] 0| 58| O}] 80] OO} 67] 0] 100] O/|.....|..... 
\Annual-.-) 24) 2| 46 3| 69| 4] 63] 20! 60] 20 [.2222/0222: 
(Spring... | 10| 10/ 30) 20] 75] ©0|100] 0} 100] O|..... ove 
Summer..| 8/ 8 25 | 17 ie [lg fe Bee Stee eeem 
SW..... Autumn..| 44| 0| 89/ 0] 71] ©| 83] 17|'67|'°33'\ ido 
|| Winter....| 56| 6| 82) 6/100} 0/100} 0/100] 0/10] 0 
j(\Annual...; 32; 6); 58| 10} 60] 10} 76] 12] 80] 20/ 100 
| | | 
(Spring...) 0| 0 | 0} 50) 50] 5O}.....)..... ‘etm oh 2 a Pe 
Summer..| 50] 0 | 100 0 | 100 0 | 100 io edd ee ee 
WSW...4Autumn..) 0| 0/100; 0/100] O|.....1..... oe eS sate 
|| Winter...:| 25] | 67] 33] 50] s0|-..c10IESE EEE 
\Annual...} 20; 0 | 57) 29 | 67| 33 | 100] O |. 2-20]. ee-]e-+ee]eenee 
spring. ._.| 0] 2) O} 2] 33 0; O O Lai. Liekosian ses 
Summer..| 0| 0] O| O} Of 50...) at: ae 
Wikeivoas Autumn..| 0/| ©O| 17) 17] 33] 33/100] O}.....].....].....]..... 
\[Roneet | 0 0| 33 0} 50 0; Oo OD 6 ae ae 
Annual...| 0 7| 13] 13] 30] 20] 50 | J? 4 CR eee ee 
| 
(Spring . ---| 25; 26} 50; 25) 50; 25/100; 0O/]..... Te lepe Rs das 
Summer..|} 50 0 | 100 0 | 100 0 _) oy eee oe oe eae eee 
WNW../Autumn..| 50, 0/100) 0O}...../..... ive BOE omton ge et PE ee 
\|Winter....| 50; 0/100} 0} 100) 0 | i00 | O07" ate: + an 
(Annual... | 42 8 | 83 8| 75) 12} 7 Sie. 2 ao 
\(Spring....| 0} 0| 0| 50] 33| 0/100! o|.....)..... Lnslibiwe 
\|Summer. . | Pp deelscne chocbablcoccbicececles Sec Ree TS hy net -oneskepece 
WW iccss ;Autumn..} 17 0} 67! 17] 60| 40] 33] 33)...../..... JRE ee 
Winter....| 10; 20|] 20); 20) 20) 2| 0O| 25| 0|.100]...../°:... 
jlAnnual...) 10) 10| 30) 25) 38) 23 | 25/ 25) 0} 100 )22222/0 ee. 
\(Spring....| ©| 22] 11} 22| 14) 71] ©} 50! O/ 100/).....\..... 
Summer..| 25; 0/| 25{ 0/| 0} 100].....J.....].....|..... ae eee 
NNW...}{Autumn..| 14 0; 2; 2 A LR RE otest 16 Ripe ink Eas 
}Winter....|) 0} 12] 14] 14 | 1) 8] We 1...) ee ae 
Annual...| 7| 11| 16/ 16/ 7| 64| 0| 60 0| ok eae ie 
\(Spring....| 25) 8| 54| 1 | 72| 14] 81/ @| 96] 44].....]..... 
Summer..} 27 5| 50 a) i Ot Ot Ot OT Be occ honcs 
Means.../;Autumn..| 27 2 52 4/| 64 12; 66] 21 80; 2 100 | 0 
Winter....; 33; 5! 63) 9| 60| 18) 58| 19] 80| 20/ 100 0 
Annual...| 28 5 | 54 7} 64] 14) 69] 16] 79/ 18) 100 0 





















































Altitude above m. s. 1. (meters). 

Surface | | | 7 
direc- | Season. 500 =| ~=—«(1,000 2,000 | 3,000 4,000 5,000 
tion. 

ow. joew.| cw. jccw. CW. |cCW.| CW. CCW. CW. CCW cw. ccw, 
y —— ae sta 
Spring.... 2 0; 15; 22; 19; 49 9 | 74 SS ee 
Summer..| 0| 3) 7| 24) 12| 54| 0 7%; 0/100) 0| ii 
NN. cccoeis Autumn 0; ©; 19) 24) 11; 54) 4) 83; 9) 91 0, 100 
Winter.. 2) 5| 17} 30) | 72) 4) 87/ 0) 100).....)..... 
Annual...| 1 | 2) 14} 58) 5/| 80) 4) 93| 0 iM 
Spring..... 0| 0} 23| 26/ 19] 57] 10| 70) 0/100! 0| 19 
Summer..|; 0/| 12; 12; 47; 18] 82; 14) 86 Te ae oe 
NNE....4Autumn..| 11| 4/| 41] 15/ 43] 50); 0/100) 0/100; 0| iw 
Winter....) 10} 0} 45) 30/ 65/ 24] 50| 50|.....|....-|-.-.-/0.... 
Annual...| 5| 3] 31} 27{| 37] 51] 18| 71; 0/100! 0! i0 
| ' 
Spring - — -— fae | 27| 20| 25) @; | 67/| 33 )...../..... 
Summer../ 3) | 24) 21) 44) 56) 38) 62) 29) 71)... 
NE...4 Autumn..| 0| ©} 21/ 16) 40] 53] 12! 78| 0} 100).....)...:: 
Winter....| 10] 10} 44] 11| 75] 25] 0 | 100 }.....).....|.....)..... 
Annual...| 4| 2/| 29| 21| 40| 42| 30| 58| 36| 64)........” 
| | 
Spring....| 4 | 0} 56. 13| 69, 23/100. 0/100: O2........... 
\|}Summer../ 13; 0} 26] 20} 33] 42] 25| 75|100| @0)..... aes 
ENE....4Autumn..| 0/ ©0| 29} ©0| 25] 50] 50] 50/|...../...../..... wet 
Winter..... 12; ©/| 86) 0/100} 0/100] 0}..... " 
(Annual...) 8) ©} 53) 10) 63) 24) 76) 24) 100) 0 ..... ees 
| j | 
Spring....| 12) 0| 50| 19| 55] 27] 86| 14/100! 0 10 | 0 
||Summer..| 21 | ©| 47) 16) 78) 11 | 100 0 | 100 1D loos abel 
B.....a Autumn..| 25/ ©} 50/ 8| 78] 11] 100| 0|.....J.....|..... Piaith 
|] Winter... --| 33; 1L| 67 0} 83 0; 83 0 | 100 DD teeahd Ride 
Annual...| 21; 2/| 52] 12| 71] 14] 90| 5/100] 0 100 | 0 
(Spring....| 15; 5] 45] 5) 85| 8/100] 0/100| 0...... ba 
Summer..| 4] ©}| 57] 0/100} 0/|100| O|.....).......... ete 
ESE....4Autumn..| 10| 0/100] 0/100} 0/100} 0/100} 0| 10| 0 
Winter.. 25; 0} 100} 0/100} 0/100} 0/100] O...... las, 
ae 12) 2) 66) 2| 95) 3] 100) 0| 100} 0/ 100) 0 
| 
l(spring....| 13/ 2{ sa} 9| 87] 8| 93] 4! 80] o1..... arte 
\|Summer..| 15; 0} 58) 0| 79|- 8| 92 0/100; 0...... ie 
OR... Autumn 43! 0/|.79) O} 8] O] 89] Oj] 100] O1..... Racal 
||Winter....; 35| ©} 95| 0/100} ©] 100} 0)100} 0/100} 0 
|(Annual 21| 1| 64] 4) 88] 5] 94] 2] 94] 0/100] 0 
| (Spring. 7| 0} 4| 7] 77] 10] 9%] 4/100} 0/10) 0 
||Summer..} 16 0; 59 4) 77 2| 87 0| 8 0 67 0 
SSE. Autumn..| 17; 0/| 73). 0| 87] 5|100} 0/100} 0 100] 0 
|| Winter. 24 0; 86 0 | 100 0 | 100 0 | 100 D leccsalacies 
Uinn : aes 0| 6| 3 | 81| 5] 9) 1| 9%) O 8] 0 
| 
|(Spring.. 6| 0O| 49 0; 83 0} 9% 0} 80 2 eee 
||Summer. 7| -2) 48) 2) 79 5| 92 4/ 78) 11)..... ease 
ee Autumn..| 6| 12| 56] 4] 81| 3] 83] 4] 8| 5 100] 0 
Winter... 12} 0} 88| O| 9% 4] 96 DR Ya Bee 
(Annual... 7; 1] &7| 2] 83] 8] 90] 3] 86] 5/100] 0 
(Spring. . 0; 0; 4) 14 | 63} 9} 82) 0 88] 0/100) 0 
||Summer. 6; 1) 43] 11; 50] 14) 55] 14] 46) 19 50) BW 
SSW....{;Autumn..| 5/ 0| 47| 2| 83| 0] 88] 0] 94] 0 100] 0 
Winter..... 30/ 2] 91; ©] 97] 0/100] 0/100) 0 100| 0 
; “| 9| 1) 54] 6) 2) 8) 7 5| 74| 8| 88| 2 
\(Spring.. 14) 0} 36 7| 67] O|] 78] O 100} 0 100; 0 
Summer. 3; 3) 2 9] 47] 20| 55] 23] 67] 33 /1..... ie 
bw... Autumn..| 9| 0/| 53] 6/| 76) 7] 88] 8| 80] 20).....|..... 
Winter... 22/ ©0| 80} 0} 97) Of} 9%] OO} 100} 0} 100; 0 
Annual. . .| id 1; 50; 5| 72| 7| 80] 7] 87| 13| 100} 0 
Spring. . : 29/ 0| 65 | 0} 9] o| 87} 0| 100] 01.....|.... 
Summer . 9 0; 45 0; 60) 30) 38] 38) 50} 50 ).....|.... 
WSW...|;Autumn..| 15} 0/| 58/ 0] 71] ©} 82] O}| 89] 11/100] 49 
\|Winter....| 36/ 0) 70| 4 | 92} 4] 91] O| 7] 0| 100) 4 
Annual... 25/ 0} 62; 1] 82| 7] 80] 6] 8] 8/100| 4 
\(Spring....| 13| 0| 40| 20| 62| 15| 50| 12| 60] 20 100| 0 
'lSummer..| 0} 0| 57 0} 83] 17] 80} 20! 67} 33) 100 0 
W.......;Autumn..| 10} 0, 60} 0, 50| 12, 50|} 25, 50] 0)....-J-+0 
\|Winter....| 17| 0| 79 3} 86 7| 88] O| 7 fee 
|(Annual. aa 13} 0} 64 7| 7) ll 7% 7} 67} 12 1 | 0 
Spring... 0} 6| 19] 12| 27| 45 29/| 57} 40] 40) 0} 
Summer..| 13} 7] 43| 29| 50} 29° 45| 45| 75| 0/|100| 0 
WNW..\;Autumn..| 17| 0| 56) 0} 59| 18 25/ 42) 29] 43) 0| 1 
Winter....) 11) ©) 54) 7) 54) 15 35) 17) 12) 62) 0} 100 
Annual.../ 10) 3{ 45) 11) 50) 24 34/ 34) 33) 42) 33) 67 
Spring..... 5) 3| | 3| 0] 37, 4| 61] 0} 75|....- Rie, 
Summer..| 0| 0| 17| 17| 14] 32, 5| 47| 12] 62| 0| 2 
NW.....4Autumn..| 7| 0| 25/ 2/| 24| 24, 23| 40| 13] 67| 0| ® 
Winter....| 6 0| 30 4| 24] 21 17} 48) 25| 75 |...--|-++; . 
|lAnmual...| 5/ 1/| 22) 5/ 17| 27| 14 48 | 13 6} 0) 8 
Spring... -| 0| 0} 10| 22| 10) 49| 0| ot] o| so) o| 
Summer..| 4| 0| 11| 25| 12] 40\ 5] 60) 10 | 70; 0} 10 
NNW...}Autumn..| 3/ 0| 12| 27| 14| 46| 6| 69| 12] 76/ 0} m 
Winter... 1} 1| 13] 14/ 8] 55) 3| 80} 0/100) 0| 
Annual. 2} 1) 12} 2] 1} 4/ 4] 70) 6| 83) 0) @ 
Spring. . 7| 1| 36] 13| 52] 22) 58] 25| 61| 29) 60| # 
Summer..| 7| 2) 38| 12] 52| 23) 50| 30| 50| 34| 50| # 
Means....{Autumn..| 9/ 0/| 44| 8| 57] 19| 57| 27| 56| 35| 47| # 
\|Winter....) 15| 1| 56| 8! 63| 20) 62| 25| 65| 28| 70) 4 
(Annual...) 9) 1) 44 10 | 56 | 21 87 | 27 | 57) 32) 55) 
| | | _ ae 
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TABLE l4c.—Average percentage frequency of clockwise (cw.) and counter- 
clockwise (ecw.) turning of ore from surface direction at Ellendale, 
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TABLE 14d.—Average percentage frequency of clockwise (cw.) and coun- 
terclockwise (ccw.) turning of tae from surface direction at Groesbeck, 



















































































N. Dak. Tet. 
Altitude above m. s. 1. (meters). Altitude above m. s. 1. (meters). 
| 
Surface Pee | Surface SPs ear AE FAY Se 4 6: free 
direc- | Season. 500 | 1,000 2,000 | 3,000 4,000 5,000 direo- Season. | 500 1,000 | 2,000 3,000 4,000 5,000 
tion. | a - 1. 2 es ed tion. Te: mes BE Pe be 
| | | | 
= oar.) cw. |ccw.| cw. |ccw.| cw. cow. | ew. jccw. | ew. |cew. lon cew. | cw. |ccw. | cw. cew. | cw. |ccw.| cw. cow. | cw. |ccw 
ed Tie ibe Mate eens pid eee So GR: ee MPR a Mabe. cnet he A pas OS ae OS 
| | | | | | | | 
Spring. ae 3; O} 4 4; 40; 30; 33; 58; 33) 67 | 100 0 Spring....; 10; 20/ 11) 44 0 | 100 OE 200 heccesiseces | sdavsleeses 
Summer..; 4{ 0; 41/ 15) 29] 63 | 20] 80/ 0O| 7 100 Pees OPT OE ODT Olan, . dence dash sdlarccdevsy div eb lates colecsse 
ee Autumn..| 16 | O| 67 10; 27]; 40| 17] 67 0 oe es thears Autumn..|} 33 7| 48 10; 10) 60 14 71 oe 5 a ao 
Winter....| 17; 0; 58/| 17| 47] 40 0/100; O; &O}.....)..... Winter....; 31; 11| 87]; 19] 21) 72) Oj} 86} O/| 100 0; 100 
Annual...| 9 0; 52) 11] 36] 40) 21) 74 10} 60; 50 50 Annual...) 31 10; 37; 18; 15| 7 7; 80) 17) 8&8 0; 100 
| x 
Spring..... 0} ©] 48} 5| 60] 30] 50} 33/ 33] 67|..... Spring....| 29| 29; 36| 29; 9| 64| 0/100; 0/100} 0| 100 
Summer..; 6| 6/ 33| 17) 17] 50/| 40) 40 0 | 100 j...../..... Summer../ | ©} 60} 0) ROD |” 0 foc...).... fewccsfewsscdocccclecece 
NNE.... {Autumn. . 5 5} 55; 10} 60] 20/ 50; 50; SO! 5O}.....!..... NNE....\;Autumn..| 30 9| 44; 11) 33) 33) 38) 53O| 5O 0 laa 
Winter.... 6; 6) 5% | 25 14 86 Df PED evebsls sacches costes ss. |} Winter....) 47] 21 | 4 29; 33; 5O|; 33) 50; 33) 67 0 100 
Annual... 4 4; 48; 13) 38] 44] 33) 57 oe, Annual...| 36; 17/ 41 | 22); 28) 47) 23) 61 25 | 62 0; 100 
| | | | } | 
Spring....| 0} 0} 38; 12} 40] 2 0/100; 0} 100 \...../..... Spring....| 17; 17) 40) 20 0| Ot BED 1. codaloceaditcccclecsne 
Summer..} 15 0; 31 8| 50] 17| 50 0; Oo | a Summer..| 33 0| 67 0 OO Ladi cclapee dlecodhibeenmibecceléce ce 
NE.....j;Autumn..| 13 0! 53 7} 60] 30] GO] GO }.....].....].....}..... NBs. Autumn..| 38; 0; 71 0, 4 0| 67; 33) 0 | 100 0 
Winter. ...| 0; O|} 8 0} 75 0 0 2 | ees ee || Winter....; 56) 21) 67) 17 a ee) ON ee ee 
Annual... .| 9/ 0 48 7| 5] 20] 33] 33 Git GE ieccclaceee Annual...| 38} 8/| 62; 10/ 22/ 22) 50; 50; 5O 0 | 100 
| | | } 
Spring...) 8| 0] 67) 0/ 78} 11) 100] 0/100] O|.....|..... \{Spring....| 50] 17] 50| 17| #0] @].....!.....).....].....].....]..... 
Summer..; 8| 0} 67 0| 7 | ROS er UC UR oe [PEIN » <] ooo -slocccclecccclecc-clsoccclawecclecess|gcecelssctblecews Me cocclécces 
ENE....<Autumn..| 29; 0] 71 0 | 100 0 | 100 0 | 100 | ee eg ENE..../{Autumn 50; O| 33/ 33| 67/ 33 0 | 100 j.....}..... Ti oedianent 
Winter...) 0} | 75) 0) 100) 0}.....|..... rt a Ne tes ||Winter....) 0/100) 0) 100 ...... POE PO eae Bee TN Rivwdiedts 
Annual...| 11} 0; 69; O| 8 5 | 100 0 | 100 0 Peboclecese }{\Annual....) 46 18| 40 30) §O 38 © | FOO fossa cfee.e. | poses covce 
| | | | 
Spring....| 0 0; 5%! 11} 88] 17] 100 © feo ccclecece lewesclecec. J SS SS eee le) ae ee eee ee LD swadinaninn 
Summer.., 0| 0| 60 67} 6/100) 0| 100) O)...22 0277: ]Summer..| 75} 01200) 0/100) 0|.....\.....|..cccJoscccJe--ec]eeee 
Buccs oss Autumn..|} 50 0} 67; 17)} 8] 17| 80; 20 | 100 _. a Pan Be <penen Autumn..| 62 0; 75} 12; 100; 0| 100 @ howS Use Veale co cclevegs 
Winter....| 50/ 0] 75) 0/100] 0/1200] O}....-}.....)...../000. Winter....| 75| 0|100/ O/}..... Hensler cl ienssl dbUblbuadel weve leeds 
Annual...) 19 0; 62; 12; 8&8] 11; 89] ll | 100 Tibeseshscese Annual...; 74; 4); 85; 10) 100 0 | 100 Docc GeVelb cccchocses 
Spring....| 0| ©| 88; 0! 80] 0} 100 the ee RE \(Spring....| 67| 0| 82| 0| 96/ ©|100| Ol.....|..... Feet Ba 
Summer..| 10 0; 60; 10. 67] 11) 67 @ }--on8 Ticosticece ||Summer 4; 9); 7; 10 7 0 | 100 OD lcccghindisehh ccctlécces 
ESE.... Autumn..| 22 0; 78 0| 8 0 | 100 0 | 100 100 0 ESE..../{Autumn |; O} 57] 14| 7%) 2) 67) 88 }.....).....]..... or 
Winter....| 20; © | 100; 0/100; 0) 100) 0/100; 9} 100 0 || Winter 22} 0/100) 0/100) 0/100; 0/100) @).....)..... 
9 78 © | | ‘ ° vara 
Annual...| 12 | 0; 78 3) 81 a 91 0 | 100 100 0 | Annual...) 45 2) 77 6 85 5) 9 9 | 100 0 |..... a 
Spring....| 0/| ©} 40}; 10) 70/ ©} 80} 0/100} O}.....)..... Spring....| 58| 8/| 82) 0/ 8 | ©0/100| Oj.....).....].....]---.. 
Summer..| 0| ©) 39| 6| 79| 7| 8] O| 67] 0} i00| "6 Summer..| 18| 45 | 57/ 43) 50| 95 |c....)00...]o.ccc}oscccfes-scleeeee 
SE......;Autumn../ 17) 0; 8/ 0/100; 0/100; 0; 100; Q}...../..... GB soi ow XAutumn..| 68; 0; 8/ 0} 89) ©O/| 9/| 0/100} O}.....)..... 
Winter....| 20 0 | 100; 0, 100 0 | 100 @ }.~05 is Spamectevsss |; Winter....| 100; 0 | 100 0 100 0 | 100 O |. .scefeesde eo oo 
Annual...| _6| 0| 57} 5) 8] 3| 9%| 0| 8] 6 | 100; 0 ‘Annual... 61/ 11) 81| 6! 87) 3/| | ©/100/ O}.....|..... 
Spring... . 0} 0} 36 0; 62 8 | 86 | 14} 100 O Ri duaslscces Spring....| 58 0; & 0 100 0| 0 | 100 >) eS oom 
Summer..| 0] 0| 50 4)\ 92 8 94 6| 100; 0 | 100 0 Summer..| 29; 0; 38/ 12) 6 | 20/ 75) 12 0 , = om 
SSE..... Autumn... 7] 13/ 7 0 | 100 0 | 100 0 | 100 0 | 100 0 SSE..... sAutumn..| 62 0; 86 0; 0 | 100 0 | 100 BE, coccheoses 
Winter....| 0} 0 | 100 0 | 100 0 100 Se TF SS ee |} Winter....| 100; 0 | 100 0 100 0} 100 0 . “+8 elevecelecees 
Annual... 2]; 3] 58 2)| 87 6 94 6 100 0 | 100 0 }t(Annual...| 55/ 0 rr 3 88 5 88 4; @! O}...../]..--- 
| | | | | 
Spring....| 2 | 0} 35 8 50} 15; 60}; 20; 67] 33 100 0 \(Spring....| 27 2) 54 2)\ 74 3} 86 0 100 © hi ccccfoccce 
Summer..| 2] 2/ 38| 7) 75] 17 | 73| 23| 78| 11 | 100 0 |jSummer..} 23) 5] 53/ 13) 58) 25] 67| ©/| 100} @j.....)..... 
Wiscdecos Autumn../ 13; 0; 66 7)| 8 0 | 100 0 | 100 0 | 100 0 B.ccccccel Autumn..| 40; 7)| 61/ 4) 60 4) & 0 | 100 0 | 100 0 
Winter....) 18] 0 67 0; 88 0; 91 0; 8% 0 j.....]. |} Winter....| 48 0; 87; O| 8 0| 9% 0 | 100 @ |.....|-.--- 
(Annual...;/ 7] 1) 46 6| 71} 10; 7%] 4) 82) 100 0 j{Annual...| 33 3; 62) 4) 71 | 85 0/100; 0} 100 0 
Spring....| 5] 0O| 5| 6| 87] 6 | 91 | 0/100! 0/| 100 0 \(Spring....| 15] 7/| 40] 16) @3|- 16] 82| 0|100/ O}.....|..... 
Summer..; 5] 0} 38 5 | 70 0 86 0 | 100 2 ee ee ||Summer..| 13 7| 33) 17| | 25) 22) 38 \.....)..... bo ccceleocce 
SSW....4Autumn..} 11 | 0} 63 0; 81 6 | 92 0; 88 _, = soe SSW..../;Autumn..) 14 0; 48; OO} 52 5| 56) 12 0 | 33 }.....|..... 
Winter.... 17} 0] 8 | 0| 93} 0] 100 | 0| 100} 0} 100 0 \|Winter....| 32| 12) 44] 9) 67) 0} 93) ©) 100; 0/ 100 0 
Annual... 9 0, 5 3 & 3 | 92 0} 95 0 100 itAnnual...| 18; 7) 38) K 56 ll 66 10, 17 100 0 
Spring....| 0] ©] 33) ©} 50} ©/100/ O/...../.....).....|..... \(Spring....| 33] 11 | 62] 25; 50) 17) 83| 38}...../.....].....]..... 
Summer..| 12| 0| 38) 0/100] 0 100; 0/100) O}.....)..... ||Summer..| 19| 22| 30] 33 9} 9 50 | 3 |..--0}-0-+- I coceisioces 
wer 3.5 Autumn. . 0; Oo 52 12 86 0; 60 0 | 100 , a eo BW iene Autumn. . 0 5O 25; 5O ) 50 7 SP La cUUINES didlo oc ocleeces 
[Winter 27 0 7 9 100 0 | 100 0; 75 0 | 100 0 || Winter....) 29 12 60 20 73 13 100 0 | 100 0 100 0 
Annual...| 12} 0/| 55/ 6] 8] O| 89] O| 8] O | 100 0 \{Annual...| 23| 19) 43/ 30 46) 32/ 74| 16/100/ 0 | 100 0 
Spring....| 0] ©| 60! ©| 75] 0|100| 0/100] 0}. \(Spring....| ©] 17| 33) 33; 40/ 20| 2/ 2) 0! O}.....)..... 
Summer..} 33 | 33 33 | 33 | 67] 33) 67) 33 |.....}..... eh ae jjSummer..; 11) 22) 14) 29) 20) 2 0 es ae 
WSW...{Autumn..| 0 | O| % 8 75 | 25 | 100 0 | 100 0 | 100 0 WSW...);Autumn..; 50/ 17) 50) 50, 50) 50 | 100 © |. swilesetd..- 
Winter....| 14 0| 86 0 | 100 0 | 100 0 | 100 0 | 100 0 Winter....; 50 | 50 50 50 |.....|-+. ee sss 
Annual... 1... aioe 7) 8 15 | 95 5 | 100 0 100 0 }{\Annual...) 22) 22) 32) 37 36 | 29) 33 17 0 0 
| | leQnrt | 
Spring....; 0}; O| 50 7} 58] 17) GO] 3O/ Si 3 )...../..... ifSpring....| 0 eh ey yp Mo FN A A. en 
; |shmmer. 0; O| 50 0 50} 10/| 14 57 0 50 | a . || Summer . .|.....)-0-.-)2----/-----leees sae wees Sh 
W.. Autumn..| 4/ 0| 7| © 73| 5/| 67/ 27| 50} 33) Oo 9 Wass Autumn. ./ 200 | 0; 200) 0 | 100 2 was|*m aa |nszaelacteel» 
| Winter... 14] 0| 7) 6| 92] 0} 80/ 10/100] O}.....)..... |] Winter....| 29] 9} 57) | 60) 20/50) 80/100 | 
Annual... 5} 0; 63) 14! 7 7} 60} 29) 46) 31 0 0 Annual.... 45 | { 7 71 4) 8 f 
Spring..... ©; 0| 33) O|} 17); 5O| 0/100} 0)1 0| 100 Spring....| 25| 25| 25) 30| S| S| 0; H)..... 
Sammer..| 0 7| 21| 0| 36| 21 | 33 3 38 | 30 | 100 | 0 Summer..| 5| 0 100 | 0/100) 0 
WNW..2Autumn..| 8 0! 62 8 | 65 4/ 53| 16!) 44] 33 0} 100 WNW..);Autumn.. 75 0} 7% 0| #0 0} 0) Ojo. : 
Winter. ... 0 0 60 0 64 14 43 14 33 ME Boveed ices Winter.... 25 12 43 14 43 2 *O 50 0 100 
Annual...| 3 2; 499, 3| 5} 16] 39; 32; 35; 4) 33) 67 Annual... 35| 12} 530| 19} 53) 21| 25| 38; ©O/} 100 
Spring....| 0/ 0| 29) 1) 17] 17) 7) 40) 0/100) ©} 100 Spring..... 25| 0| 25/ 50) 2) S| 0; 5O)..... 
Summer. Oo; O| 28] 11/°381] 31 8! 58} 14) 2} O| 100 Summer. .|.....|.... 6 ee ee jel 
NW... Autumn... 0 3 45 10; 35} 31] 28) 61 28 _) => ae i Wiewee Autumn... li 11 25 25 14 29 17 50 OD 8 
| Winter. ... 2 0 33 Q 31 34; 4 42 12 50; 33) 67 Winter.... 0; bb 33 33 36 5 25 62 oO 100 
(Annual. . . 1 1; 34; 10; 29) 20] 12} 49; 15} 44) 2 80 Annual... 8 2; | 3) 2 4 19 56) 33 7 
Spring... 9 53 18 } 33 33 75 | 50 50 Spring.... 7 27 0 23 0 40 0 23 0 100 
ran. 4 4 9 12 "8 58/ 0] 56 ‘0 30 | 0} 100 + olen Si 20 0; 2 0 0; B 0 100 0 | 100 
NNW...,Autumn..| 0. 0} 44/ 11! 36] 7 | 25| 50| 33/83 /.....[..... NNW...kAutumn..| 25| 12/ 25/ 12] 14| 43] 25) 50 |..1..).00..|-.--.|---- 
Winter. ... 3 0; 26 11 28 | 34 15 | 54 0| 8%); OO; 100 Winter.... 32 5) 21 14) 20 | 40) 60 | 100 © |. .---leeeee 
Annual. . . 1 0 | 33 11 32 29 19; 48; 25 56} 25/ 75 Annual... 21 13 15 15 10 43 18 53 33 D Epcesslcoses 
Spring..... 1 0, 44, 6, 53) 16] 54] 28) 54) 43/ 57] 48 Spring..... 32) 10) 50} 15| 58) 2| 56) 2) 38) 5) 0, 10 
|stmmer 4) 1| 38) 8| 58| 21 | 52] 31] 50| 27] 67| 33 Summer..| 24| 12| 41| 19} 42) 27} 48) 23| 38) 83).....|..... 
Means Autumn..| 10 1| 62 6| 68] 12 |} 67 | 22) 68) 16 | 75 12 Means.../;Autumn.. 42 5 59 8) 57 16 62, 21; 62) 19) 100 : 
Winter....; 10 0; 58 7| 62 20 50; 28; 52; 28] 67 33 Winter... 38 10 55 14 58 2 67 27 67 33 50 = 
Annual...) 6) 1/ 51) 7| 61] 17] 86| 27 | 57| 27] 67) 30 Annual.../ 35/ 9| 52) 13| 55) 21) 60 | 23/ 58) 30) 50| & 
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TABLE ]4e.—Average percentage frequency of clockwise (cw.) and counter- 
clockwise (cew.) turning of winds from surface direction at Lees- 
burg, Ga. 




































































Altitude above m. s. ]. (meters). 
Surface 
direc- Season. 500 1,000 2,000 3,000 4,000 5,000 
tion. nel | abv) _ 
| | 
ew. |ccw.| cw cew. cw. |ecw.| cw. cow, ew. |ccw 
Spring....| 0} 25 Di O hecccciccvcelanccclenvce |e cvesfecese a eee 
Summer. . 0 0 LO f BOGS es See! Oe Gee ke ee en 
We 2 coGes Autumn..| 0| 0 0 50 0| BO 0 irdeuiedens 
Winter....| 33 33) 3 100 0 | 100 0} 100 0 100 
Annual...) 10/ 20/| 12 75 0| 7 0; 53 0; 100 
! 
Spring....| 0} 40 © POD face chdnins dice codicipe do cqnatocegsise coclecces 
Summer. .|.....|..-.. Jecdeclewrsclocccclencoeiccose a Jrvere|eeeeeleeeee|eeeee 
NNE....\;Autumn..| 0 0 @ } © jes...|-<-.-/-0-.- |<eese ee eee Rowen = 
Winter....| 50) OO} 33 0 | 50 0 O] Of... cocleccee Jeeee- — 
Annual...| 18] 18| 17} 33 50 0 0; Oo ree RE |-eees 
| Spring....| 25] 50| 33] 33] 0/ 100)..... (Map ode St 
Summer..|; 9) 0 0 0 0 Give ess lewees jevceeleceneleccesloceee 
NE..... Autumn..| 20; 0} 40 0} 33 0! 50 Ries ee Re ee 
Winter....| 80| 20; 8 | 20; 0} 100).....|..... lec csiefeowaeleccosleces. 
Annual...| 38; 19| 53/| 14 | 17| 33; BO 0 aaah. ek FR ee 
! 
Spring....| 20} 0] 50| 0O| 50| 50| 50| 50|.....).....].....)..... 
Summer..| 67 0| 67 0 | 40 0| kD 0 | 100 YS 
ENE....|;Autumn..| 33 17/| 33) 17 0 oo ae) ee Sees ee ee 
Winter....| 50| 0| 50| Oj 33] 33/ 0] O}.....}..... ivceclecees 
Annual...) 43 4| 5| 33; 17] 33) 17] 100 _) ee ee 
' ! 
Spring.... 0 0| 67 0 | 100 rd. seen’ oveledcee 
Summer. . 0 8; ll 0| 28 0| 33 _ | ee ee ee 
) ere Autumn..,; 0/ 10] 30{ 2| 28; 2; O/| O}.....J.....].-+..|/..... 
Winter....| 50 0 | 100 DP hiviecclddsc ldo cceldacc die vies ebbctisheoess 
Annual...| 3) 6] 30 9; 38; 12; 2 Dis vtedisvctalteseaiveccs 
Spring.... a9 | Seth. Ohad. tae. , le n<chdbocshs sweatearcs on ae 
Summer..| 25| 24] 33/ 0| 50, 0} 50/ O|.....|..... DS etetRcits 
ESE....{Autumn..| 0/ 0/100! 0/100! 0/100} 0/100} O).....)..... 
Winter...., 0] 0 ].....]..0..Je-n-[enene[erseefonese|-enselonese|ereeeleoeee 
Annual...| 20/ 13 62 0 75 0| 75 0 | 100  Besecolecves 
Spring...-| 40/ 0/100} 0/100; 0| 100; 0©| 100} 0| 100 0 
Summer..| 50 0 | 100 0 | 100 0} 100} 0 j..+..]...-.]-----/--0-- 
Deivtacal Autumn... 0 0 0 0 0 Re TONE, AR OE PO Pe 
RR SE PS ee ee a Pe Le ced tikdscdibonttedelen<sdlccece 
Annual...) 27 0; 71 0; 71 0 | 100 0 | 100 0 | 100 0 
Spring....| 25| 25] 57] 30) 0 
E> 6 Ibe caclithechbscnshddvcslieccsléscasih ese 
8SE..... Autumn...) 33 0 | 100 0 
Winter....| 100 0 | 100 0) 
Annual...| 43/ 14] 70| 20) 
Spring....| 27 0| 64 0 
Summer. . 0; Oo} 5O| 5D 
5. wcccces Autumn..| 0/| 0/ 100 0 
Winter....| 30! 10| 78 0 
Annual...;| 23 4| 72 7 
Spring....| 17; 8] 33] 11 
: Summer..; 0; 0] 0} 0} 
SSW....;Autumn..| 0/| 33 0! Oo 
Winter. .. .| 40 0; 7); O 
Annual...| 17 9| 38 6 
Spring 67| 17| 50} 0 
Summer 0; 4 0) 67) 
OW . isk. Autumn.. 0 0 0 0! 
Winter 71 0} 67) 0} 
Annual 47; 16) 44/| 12 
Spring....| 0/100} 0/| 100 
' Summer. . 0; 33 0| 8 
WSW.../{Autumn..| 50 0; BO 0 | 
Winter....,; 22} 0| 57/ O| 71}; 0| 100] 0 
Annual...) 20; 13] 42) 17 56 0; 8 0 
\fSpring..... 0/ 0] 50; 0} 0 06/100; O/}.....|.....|.....|-.-.. 
\}Summer..| 0; 11]; 17| 33; 2 40; 25] 53 | a 
Wiesbiedknd Autumn..| 0 0 0 or ¢ 0 0 ee ee Jocveclecsee 
|| Winter....| 14 14 50 | 25| 67 33) 100 Ot.cdds fiebeu a 
Annual... 5 ll 31 23; 0, 32; DO] 3 0 | 100 |...../..... 
Spring.... 9} 27 18| 37 14) 71 2 | 60; 33); 67/)..... oie 
: \|Summer..; 50/ 0| 50| 0/|100/ O1..... ERE ET SER ORES ae 
WNW..,Autumn.., 0 100; 0; 0, 0} O| 0O| O| O/| 100)..... lowees 
|| Winter....| 38 0| 50 0; 50) 12) 40) 20|.....|.....}..-..]..... 
tAnnual..., 23/ 18| 32/ 18| 35| 35) 27| 36) 25) 7%/).....|..... 
\{Spring..... 0 17] 20| 20; 33| 67) 50 | 50/100; 0/..... |-eoee 
\|jSummer..; 0; 50/ 0/100! 0/100; 0} 100].....).....|..... Ere 
NW..... }; Autumn..|...../..... a ae ae hae owes Ls oe¥a Th See Lawes 
|} Winter....; 14 0] 14| 2 14 | 57 Of FB t.sese Rae ee eee 
(Annual... 7) 13) 15/ 31) 18| 64) 14| 71) 100/ 0O/).....|..... 
\(Spring.... 0 67; 33) 67 0 | 100 0/100; 0; 100).....)..... 
OO a ee ee ae ae Fee cools costes costobwdel | 8 ee: ee 
NNW.../; Autumn... 0 0; 33) O} 33; 67) 33; 67; Of 100; Oj; 100 
Winter. ... 0 0 0| 33 0| 67 0 | 100 O:} GSO |..-..]..... 
Annual... 0; 22| 22) 3 12} 75| 14) &% 0; 100 0; 100 
| Spring....' 19 18 | 43 19; 57; 30; 68; 28; 62; 38) 100 0 
\jSummer..| 13) 13| 28) 18| 35/ 12) 33| 20) 20/ 30 ......|..... 
Means...;Autumn..| 10 8] 36{ 7); 37| 17; 42/ 16] 43} 29; 0} 100 
|| Winter... 39/ 5| 55| 8| 58| 22| 65| 22] 67| 33] 0O| 100 
(Annual... 22) 11] 42| 13| 49] 21) 56) 22] 54| 38] 50| 50 
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percentage frequency of clockwise (cw.) and counter- 
my surface direction at three southern 


stations—Broken Arrow, Groesbeck, and Leesburg. 
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Altitude above m. s. 1. (meters). 









































. a. Zs 
Surface direction.) 500 1,000 2,000 | 8,000 4,000 Surface direction. 500 | 
| 
Ya en | | by fom & |. aoe 
cw. ccw. cw. ccw.| cw. cCW. CW. | ccw.| CW. | CCW. cw. ccw. 
| | 
1 5 “|  iehgiee ah 3 . . i 7 ] i" 
1} 35; 13] 23| 50; 2) 69 1 i Cee? eRe. 17; 0} 
6} 12/ 28/ 12) &b; 18] 59 Ol Se BB. ios. case 50 8 | 
8; 35; 18) 42) 35; 63/ 21] 4) 36 NE.................. 17 6 | 
0} 42 21 | 4) 38] Ol MD) © SBNB.........0....... 34 0 | 
4 oi aes! Sea Sl OF Behe 7@ = Bunn... .ccccussssn es 36) 14) 
0 7 : ee ‘ 7 | 9 wesgaelesens 5 a5 Sg agi BRE S 57| 11] 
WHE  “G@ibssanicetieue 48; 15) 
° “ : ee 3 Hy = = ae | MEE x errs 19 2 | 
| | 4 | | 9 | i ee tee ere 20 3 | 
ry SSN Hep 122} 20; 48| 5| 7 5|° 7% 5| 65 6 GW. cnitavcne 12 2| 
Perera 16 1} 4} 5] 7 7| 68 8| 67 11 oP sb Gp sseebbieines 9| 2 
UF sede csindd imine 15; 12) 38; 14] 53| 20) 48| 35] 50 25 Sk Gticed<th<>s> ial 20; 18 
Wisvcnncodhnvnsieeesss 7); 3] @pov) 55; 17] #35} 38) 2 Wea ealcteee nas 0 6 | 
WW scoeisicthiiiees | WM) 5] 28 1} 37) 33) 37) 37) 56 S Wi Wais wsidbstoe 33 0 
WW vcencccehuhatote-s 6}; OO} 22) 16/ 28| 34] 15! 57 9 64 _ ESOP evap. 0| 50) 
MW. <5 -ccbbiccdd 7 | 0; 21; 2] 13) 53) 32| & SA Be met Re 22; Oo 
Means.......... | 12) 2] 40) 20] 53) 22] 49! 29] 47| 24 Means.......... 21| 10) 
| | | | 
Winter. 
| eras Teen | go} 2] ss| 16] 19| a7] 2] om] 0! 7 15 
MINE ..c8.. cs Ac. cs .08 5 2| 34| 29 26 | i, Li De ee 10 
” SRR Fes ee 3 Si @il Abi OO) Bil OL GF livcccclescces 17 
MOOT ..5i.5 <2 dsieobi 8} 0] @/ 5| 8] | 75 | DL pieasleeutll 50 
STH 39 4; 64) I) 7| 17| 78! 17! 100 0 . 
Ree eee age 22 0; 80! 13} 100} 0} 100 0} 100 0 
OR... .ckbs. 20d receks 48| 0| 9/| ©| 100/ 0| 100/ 0| 100 0 0 | 
EM. -<<sbabusccvhous 2) 0 93 | 0] 100) | 109 0 | 100 0 0 | 
a re eee | | | 4 
3 PRE Fee 27 1 83 0; 9) 0; 100; 0} 100 0 4 
a aS ee See | 32} OO] 7] 8] | OO} 2] OO} 88 0 6 
PT ckicensteaesiuad } 23 0| 70 4; &/ 6| 7 11) 88 0 17 
W..::cecgnteteineye | 23/} 1/ 69 1} 8); 5| 7] 58| 87 36 5 
WW... icscrbstsesu | 6] 10| 43) MM] 43) 24) 26) mm) 15 48 2 
RW xnxcapeeeeens 4 8] 81 Sa: BP wi ae 7| 47/| 18 62 12 
HUE nnd b tsesbboses | 8] 20) 20] 15] 12] 52) 6] 4 | 0) 9% 6 
| 
~ Sea | | 1] 6] 8) 6 | 8) 56) | os) 28 7 
Annual, 
11 3/ 36] 16] 26] 48| 25] 68 7 76 il 
7; 8| 30| 22) 27) 53] 20) 66| 11| &© 14 
10 3| 37/ 16] 41] 36) 20] 55| 18] 87 12 
10 2| 47 6| 63] 16| 65! 21| 100; 0 7 
22 3 61 4} 61] 19; 71| 16) 67 17 H 
1 2 9| 88 7| 9 5| 100 0 5 
26 1| 65 6| 88 3} 9 a Si> 8 7 
25 1 68 2) &8 4° 9 2| 98 0 5 
24 1, 60 3| 81 5| 87 6| 89 5 4 
19 1; 62 3] 8&8 3} 8%} 3] & 3 6 
20 1| 54 5| 75 2; 80 3/ 81 4 14 
14 2| 59 5| 72) 13) 75] 11] 8 9 r 
14 1, 55 9/ 63| 11) 57] 17| 87 19 
7; 6] 41/ 10) 47) 2] 32) 37) 2) «@ 13 
6 2; 2) 11) 2%] 30) 12) 51 9 70 12 
6; 20| 2; 2) | 4] 1] 8]. 10 80 15 
| 15) 2, 48 | 58] 18; 56) 25| 60| 2% 8 
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1 Average surface altitude, 350 m. above m. s. I. 
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than 0.5 per cent. 











Altitude above m. s. 1. (meters). 





1,000 
cw. | ccw 
28 | 0 
65 | 0 
26 | 7 
34 | 0 
48 11 
68 3 
86 14 
48 8 
55 22 
25 6 
18 39 | 
38 26 
8 16 | 
83 
0 100 | 
22 0 
40 14 
Winter. 
36 14 
40 15 
66 21 
25 50 
100 0 
100 0 
100 0 
100 
81 
59 
70 
58 28 
47 s 
64 5 
22 7 
12 20 
58 10 
Annual 
31 10 
35 24 
45 12 
50 12 
59 10 
76 2 
81 3 
73 s 
64 3 
41 6 
48 17 
44 28 
38 12 
55 15 
25 30 
18 21 
44 11 





cw. | cow. 
0 
50 0 
4 21 
40 0 
43 0 
72 0 
&3 s 
7 10 
65 14 
32 10 | 
10 44 
40 7 
10 45 
100 0 
0 100 
0 62 
45 17 
ll 7 
41 23 
0 100 
33 33 
100 0 
100 0 
100 0 
04 0 
82 | 0 
M 4 
60 35 
59 18 
64 14 
23 44 
7 61 
59 22 
10 61 
39 25 
22 36 
61 18 
63 S 
80 s 
85 2 
93 2 
82 3 
64 5 
62 14 
53 21 
44 21 
53 23 
28 30 
16 61 
56 19 


2,000 








3,000 4,000 
cw. ccw cw. ccw 
| 
50 0} 100 0 
33 eR 
8&3 of edie eet 
100 0} 100 0 
79 6| 50 0 
70 0| 100 0 
si 211i 0 50 
a Oe is... lenene 
33 0 0 100 
25! 50 0 100 
0 ete tlre 
OF 3 |..... lesan 
0! 50 0; 100 
49 19| 40 27 
0 M4 0 | 100 
16; 25| 33| 67 
0} 100)}...... 1. <dbi4 
0 Bhi ccccldatal 
100 0 100} 0 
100 jj) = Leal 
100 0 100 0 
98 0; 100 0 
87 0} 100) 0 
100 0! 100) 0 
100 0| 100) 0 
50 | 17) 100) 0 
63; 23; OO} 100 
8} 54/ OO} 100 
13; 87) 50 50 
63; 2/] 71 29 
2| 7 6 78 
2%/| 37) 62 31 
39 44) 25) 50 
16| 58)| 100 0 
60 | Seek Bee 
89 3/| 100 0 
94 4/ 100 0 
95 1 93 0 
89 1| 100 0 
71 10}; 70 12 
80 9| 8&2 7 
7 6) 25 25 
50; 25) 50 50 
P 42) 2 12 88 
19| 51 “| 56 
il 66 | 8 
62) 20; 64 29 


1 Average surface altitude, 150 m. above m. s. |. 





68 


SUPPLEMENT NO. 20. 


rasie 15c.—Average percentage frequency of clockwise (ew.) and coun- 
terclockwise (ecw.) turning of winds from surface direction at all siz 


stations. 
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ae er 15 20 
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TID ov st 8 copanoscautl 23 0 
BBs wanes poondecetans 62 0 
OW sscubbechapeeedeke 59 0 


Summer. 


Altitude above m. s. 1. (meters). 


| 
| 























1,000 2,000 3,000 | 4,000 
| 
| 
«| CW. | COW. | CW. | CCW. | CW. | CCW. cw. | ccw 

1 
31 6 18/ 38| 23] 69] Oo 88 
33| 17| 27| 30] 18] 50 0{ 100 
30; 12] 23) 28} 68; 21 14 36 
39 4| 62) 10] 25] 58! 100) 0 
47 17 46 13 58 0} 100 0 
70 5 8 2) 7% See eee: 
72 $| 8&5 7) 95 0| 89 0 
46 5| 82 6| 88 4} 71 0 
B44; 12] 70) 4] 81 5| 8&8 6 
37 6| 53 7{ 52) 13| 49 17 
29; 22) 46) 22] 51 16| 67 11 
38; 20| 47| 18| 41 17| 33 50 
29; | 37) 2] 33) 41) 29; 46 
56 5| 68; 17] 28| 2] 56 25 
16) 37] 21] 51 12) 68 9 64 
a) wi &) & 1| 66 3} 7% 
40 12; 49) 20| 49| 2] 43] 2 
Winter. 

Se ri { 
av; 15] 18| 57] 1] 98] © a8 
37| 22) 34] 47] 21] 5O| 3 67 
54 i le at et ee ee 
48; 23] 71 8| 50 Ol .sscaheoa 
78 7) | Wi i- a7) 100] 0 
88 8} 100 0; 10} 0} 100) 0 
97 0! 100 0| 100} Oo} 100} 0 
97 0} 100; 0}; 100} 0} 100} 0 


1 Average surface altitude, 250 m. above m. s. 1. 
? Less than 0.5 per cent. 





TABLE 15c.—Average percentage frequency of clockwise (ew.) and coun- 
terclockwise (ccw.) turning of winds from surface direction at all six 


stations—Continued. 


Surface direction. 


Eh ae eee x 16 
ERE SSSR 17 
ee) aS eee 21 
RRR Ree 23 
St dtak aves v adibeedwel 34 
SRE Pee, 32 
Dae cinco anda onwards 36 
EE Se 36 
GREE COS Fe tees se 26 
GP Ul nc decnchdpbotente 19 
i b0a6ebsishdnpecaek? 27 
Lp PT ee eee 18 
ae | ee 4 | 15 
tg BO) EY See 20 
DPW cach tvantoenaganh 7 
BEEN W alitocnkcrenstain s 

BE. Fvcacccah 22 








| 


Winter—Continued. 


Altitude above m. s. 1. (meters). 


1,000 





2,000 3,000 

ccw cw. ccew. cw. ccw 
76 0| 94 1 97 0 
71 2 86 - 0! 93 0 
73 6| 90 2| 0%) oO 
64 16} 74 14) 8&4 8 
58 5| 69 il 60/ 11 
54 10 54 19| 45 24 

27 21 21 40 | 8 50 | 

16 18 9| 57] 10| 66) 
57 9| 61) 2| 60] 2 

| i | 

Annual 

7 34 13 18| 55 14 71 
10; 33 23 33 39 | 22) 52 
7 42 14 31 36| 34 50 
5| 49 9| 62 17 46| 36 
5| 55 12 62 12; 66) 10 
4 72 5 84 8 9 4 
4 73 5 86 2) 94 2 
3 70 5 90 3 9%} 2 
2| 62 3 82 4 88 3 
4 52 5 7 4 7 6 
7 51 11 69 S 80 6 
7 5i4 16 62 17 1... 2 
4 46 10 53 16 54 21 
9| 48 12 50 24 37 31 
7 27 20; 2%) 30 16) 51 
S| @| 2 17 52 ll 60 
5| 4] 10! 57| 18| SO] 2 


| 
} 
| 
| 
| 








TABLE 16a.—Average percentage fre 
at curdoud levels at Broken 


of a west component in winds 
Arrow, Okla. 





Surface 
direction 


— . 








Zz 
Z 
& 


| ene 


|}Summer...... 
ENE...... he 


| en a 


eee 


We 26600 


WW 0545 


NNW 


hee Beawsescd 


\(Spring........ 
Summer...... 


Season. 


Summer...... 


Alt‘tude above m. s. |. (meters). 








Annual....... 


\(Spring........ 
Summer. ..... 


Spring. ....... 


_ Seer 
Summer. ..... 
fe eoéetes 


> 
S 
o 
s 
| 
5 


Summer...... | 


Summer...... 





eoo ooooso cososoofo SZSss 


cocoeoc scoeoso oSooSses oo 


SSE 


| 


233 | 500 | 1,000 | 2,000 




















4,000 


Sereereslecsecece 





eS ES 5s ee ee eee se ae 


3,000 
36 | 25 | 40 0 
50 | 25 yee 
42 | 27 70 100 
41 | 39 78 100 
41 | 31 | 65 83 
8 | 27 | 22 67 
0 0) J eres 
0 | 0} 12 33 
0 | 8 SS ere 
2 9 | 21 50 
0 0 | 0 0 
9 10 | |S eee 
0 0 0 0 
0 | 0 100 100 
3 | 3 16 17 
0 0 | 
0 0 
0 0 
0 0 
0 | 0 Sem 
0 | 0 Ol. éndess 
0 | {eee eee | 
0} 0 _} eagarses 
0 0 50 100 
0 | 50 100 100 
0 | D ho dicdeedubediwe 
0 0 O.l..cccld 
0 25 | 60 100 
| 
0) 15 | 78 33 
12 | 62 7 67 
0 | 38 83 100 
0} 0 D A.ccused | 
3 31 | 73 62 
26 | 63 &3 100 | 
5 33 | 62 67 
20 | 48 79 100 | 
57| 921 75| 100} 
24 | 55 75 | 92 | 
61 | 83 | 97 100 
67 | 79 | 84 | 91 
58 | 69 85 85 
62 90} 100 100 
61 78 90 92 
92 | 92 100 | 100 
100 | 100 | 100 85 | 
100| 100 100 86 | 
100; 100} 100 100 | 
99 99 | 100 | 90 | 
100} 100} 100 100 | 
100 100 88 100 | 
100 100 100 100 | 
100 100; 100 100 | 
100 100 97; 100} 
100 100 | 
100 100 100 100 
100 100 7S Seer 
100 100 5 ee 
100 100 100 100 
| | | 
100} 100 100; 100 | 
100| 100 O00 loscunacx 
100 | 100 100 100 
100; 100! 100} 100! 
100; 100 100| 100) 
100; 100 100 100 
100; 100 100 100 
100 
100 100; 100/ 100 
100 | 100 | 100 | 100 
100; 100) 100; 100 
i100; 100 100 100 
100; 100; 100! 100 
100; 100; 100! 100 
100; 100 100 100 
100; 100 ROO |..acceed 
100 100 MD | seems 
100; 100 100 100 
100; 100 100 100 
50 | 63 80 | 89 
56 68 76 | 85 
51 | 58 79 | MM 
64 | 74 87 | 100 
55 65 | 80 &S 
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TABLE 16b.—Average percentage Srequency of a west component in winds 


























> a 
100 100 
91 100 
of rae 
96 100 
RO 100 
atti 
100 100 
rns 89 | 100 
0 
_ » etree 
Pibesedde 
7 VD Lccckect 
4 Sa ee 
Yt Eee 
WATE Lccacace 
100 100 
ae 
oseuase mee aoe 
100 100 
_) Sa 
100 |°"* i100 
=a 
aS 100 
ee 
«> See 
_, er 
100 100 
89 100 
100 100 
85 67 
sy 100 
7. ee 
91 sO) 
a 
| ere 
95 100 
_. 4 ae 
96 100 
100 100 
92 100 
100 100 
100 100 
97 100 
100 100 
ee ee 
__ 2 Pare 
100 100 
97 100 
2 —_— 
a he FS 
100 100 
100 100 
96 100 
100 100 
100 100 
_ {eae 
—T..... 
100 100 
100 1”9 
100 1m 
100 109 
100 10 
100 100 
190 ‘ 
100 100 
100 100 
ar lends 
100 100 
100 19 
100 100 
4 100 
100 100 
Ons 100 
90 100 
93 92 
95 100 
100 100 
05 9s 


at various ls at Drexel, Nebr. 
Altitude above m. s. 1. (meters). 
Surface 
direction Season. 
396 | 500 | 1,000 | 2,000 | 3,000 | 4,000 | 5,000 
Spring........ 50 | as; 4] 65! @ 
Summer...... 50 55 62 | 75 88 | 
Bi. wesmasndl Autumn...... 50 51 55 | 71 92 
Winter........ 50 | 55 57 | &3 96 | 
Annual..... 50 | 52 57 | 74 88 
_ eee 0 0 13 38 70 
Summer...... 0} 6 35 73 86 | 
RNB...ciz Autumn...... 0 0 7 36 100 | 
|| RRR: 0) 0 15 24 67 
Annual....... 0 1 16 40 75 
Spring........ 0 0 0 20 20 | 
Summer ...... 0 0 0 33 77 
>: ee Autumn...... 0 0 0 33 67 
Winter........ 0 0 i! 25 100 
Annual..... . 0 0 1 28 58 | 
Spring........ 0 0 4 - 25 
Summer ...... 0 0 0 17 50 
ENE Autumn...... 0 0 0 0 50 
Winter. ..0...:) 0 0 0 42 71 
Annual....... 0 0 | 2 20 53 
|(Spring........ 0 0) 0 0 43 
}}Summer....../ 0 0 0 33 100 
Meosahensds 4Autumn...... 0 0 0 il 50 
Winter........ 0 0 | 0 33 50 
/{Annual....... 0 0 0 | 17 55 
ae | 0 0 0 | 23 38 
Summer ...... | 0 0 0 | 59 100 
ESE....23: Autumn...... 0 0 0 | 43 80 
Winter........ 0 0 22 83 100 | 
Annual..... 0 0 3 47 70 
|(Spring .| 0 0 13 | 38 64 
Summer 0 0 15 58 85 
SE. Autumn...... 0 0 36 62 67 
|] Winter........ 0 | 0 53 | 88 100 
/(Annual......./ 0 0 23 56 76 
| | 
Spring........ 0 2 29 64 91 
|jSummer...... 0 8 39 75 &3 
OSB... <4 4 Autumn...... | 0 a 51 71 sY 
|} Winter........ 0 ll 73 100 100 
Annual....... 0 7) 47 76 90 
Spring........ 50 | 53 76 92 100 
|}Sumumer...... 5O | 54 75 SS 96 
Di ..500dil jAutumn...... | 50 | 52 | 77 90 89 
|| Winter........ 50 56 “4 96 100 
i(Annual....... 50 | 53 79 91 95 
Spring. .......| 100} 100) 92 100 100 
Summer... ...) 100 | 100 | 4 94 94 
SSW......] 4Autumn 100 | 100 | 100 100 100 
Winter........ 100 | 100 | 100 100 100 
Annual....... 100 100 | 97 Ys 9s 
} | 
|(Spring........ 100; 100 100 100 100 
||Summer...... | 100) 100) 100 97 100 
| eee };Autumn...... | 100 100; 100 97 6 
|] Winter........ | 100 100 | 100 | 100 100 
| Annual....... | 100 100; 100 98 99 
|(Spring........ | 100) 100 100 100 100 
|}Summer...... 100 100 | 100 100 88 
WSW..... }Autumn...... 100 | 100 | 100 100 100 
|| Winter........ 100; 100) 100 100 100 
jtAnnual....... 100 | 100 | 100 | 100 Qs 
{Spring........ | 100 | 100 | 100 2 100 
Summer ...... 100 | 100 100 100 100 
eee 4Autumn...... 100 | 100 100 100 100 
|] Winter........! 100 | 100 100 100 100 
}(Annual....... | 100 100 100 Qs 100 
Spring........ 100 100 100 100 100 
Summer ...... 19 100 100 100 100 
WNW...ani x Autumn...... 100 100 | 100 100 100 
ba Ee 100 100 100 100 100 
|{Annual..... re 100 100| 100 100 100 
| ee 100 100 100 19 100 
||Suzmmer...... 100 100 100 100 100 
NW.......4 Autumn 100 100 100 100 190 
Winter... .. aie 100 100 9s 19 100 
Annual....... 100 100 99 100 100 
Spring........ 100 100 96 97 100 
Summer ...... 100 100 96 92 100 
NNW.....);Autumn...... 100 gx 93 O4 97 
_,. a 100 100 Of 7 100 
Annual....... 100 yy 4 96 99 
Spring........ 49 49 55 70 S4 
Summer ...... 50 52 59 80 92 
Means...); Autumn 61 62 71 83 92 
Winter........ 66 68 79 91 97 
Annual....... 57 58 | 66 81 92 
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TABLE 16d.—Average percentage frequency of a west component in winds 


TABLE 16c.—Average percentage frequency of a west component in winds 


at various levels at Groesbeck, Tex. 





at various levels at Ellendale, N. Dak. 




































































Altitude above m. s. 1. (meters). Altitude above m. s. 1. (meters). 
Surface . ai Surface Season. ee . 4 ——— een 
direction. Beason. direction. | | 
444 | 500 | 1,000 | 2,000 | 3,000 4,000 | 5,000 141 500 | 1,000 | 2,000 | 3,000 4,000 | 5,000 
| | } 
} ] 
Pe 50 48 29 | 45 | 67 67 0 Pe: 50 | 60 | 
Summer... ... 50 46 37 | 65 | 80 100 100 Summer. ..... 50 25 | ' 
ee Autumn...... 50 | 41 20 60 RS | aa Micunesse le Autumn...... 50 33 | 
ee - 50 | 46 29 | 53 100  } eet Winter........ 50 39 | 
Annual....... 50 | 45 28 | 55 79 90 50 Annual....... 50 39 | 
SOTIMG... . 000% 0 | 0 0 20 33 | aes Sorte. ....-3 0 14 
Summer... ... 0} 0 11 | 33 40 | see Summer...... 0 0 
NNE.....% Autumn.... 0 0 5 | 10 25 Te lsosdaket ee Autumn. ..... 0 4 
Winter........ 0) 0 19 86 ae eee WEEE cc cee ds 0 il 
Annual....... 0 | 0 ® 33 52 | ae Annual....... 0 9 
Spring 0 0 12 20 100 | SS eee 0 0 0 50 Wis tikiin cole coedat< 
Summer. ..... 0 0 0 | 0 0 eae [stimnmer wee: 0 0 0 D hn cn dUAREr ee oclocdscocs 
| AE + 5 Autumn. . 0 | 0 0) 0 ee ee ee RB icscaicls Autumn...... 0 0 0 | 0 0 0 0 
> er: 0 0 0 | 0) te [Winter booccedd 0 ll 0} Be fo cede Ribidllehes closéaccos 
Annual... 0} 0 2 | 4) 33 MP fescasuse Annual. ...... 0 4 | 0} 22 25 0 0 
| | | 
Spring......-- 0 0 0 | 0 | 0 _) Aenea Spring. .....-. 0 0 | 0 ee ee 
Summer 0 0 0 + ee eS ee a eee Serer | ees. | eer lo ccdiaibiddetiobicccclocccesss 
ENE...... Autumn 0 | 0 0 0 50 fa Be Adews ,Autumn...... 0 0 | 0 0 | eee ee 
] winter ere 0 | 0 0) | ee ee ae eee i 0 0 a = ee LF Re, ae 
}{Annual.....- 0 | 0 0 5 14 3 er Annual....... | 0 0 0} 25 | Didivécesee fo ccesese 
| | | | 
\(Spring........ 0 0 0 0 Lo Se ae Spring ......--. | 0 0 0 10D Joon vasudfodcnivens hel 
}}Summer. . . 0 0 0 | 0 100 jf ee Summer...... } 0 0 0 | 0 |-+e+seneleweneees loemipiien 
Pincwaiiidgiied Autumn 0 0 17 | 33 | 60 ae inaraardached Autumn......| 0 0 aa 33 | MB issdcvce ate 
|] Winter ES 0 0 0 | 0 | DIMES. wihsianssa Winter........ 0 0 “| SEA ce SAIOICY 2 - tesa Ria 
{Amnual....... 0 0 4 | 11 | 67 __ Se Annual....... | 0 0 0 1 MOdsJ.... | oowiied 
i i | 
Spring.......- 0 0 12 | ft oe ee eee Spring. ....... 0 0 9 29 O hizedine- le wei 
Summer... 0 0 0 | 11 Roe ae Summer...... 0 9 10 0 | A ae ERS. 
ESE.......){ Autumn os 0 0 0) 43 | 75 50 100 ESE....... Autumn......| 0 0 14 | 25 | 2 eae |--cebees 
Winter........ 0) 0 20 | 100 | 100 100 100 Winter........ 0 0 14 | 50 67 it tsemennel 
Annual... ..-.- 0 0 6 | 42 73 7 100 Annual. ...... | 0 2 11 30 | 45 BED jo. ccsces 
| | | | 
Spring. ....... 0 0 10 | 30 | 80 St taéanones Spring. ..-..... 0 0 18 44 | ORs kisccclecotunee 
[summer nate 0 0 0 | 29 | 50 | 67 100 Summer... ... 0 0 0 O |. daschaiittececleccuttas 
BE... cceses  Autumn...... 0 0 27 | 70 83 | eee BS wines edi Autumn. .....| 0 12 35 61 60 BOD | ..cnntes 
[Winter oaeee 0) 0 20 | 100 EL ee seats Winter........ | 0 25 71 83 Mid dé ccolescceses 
j{Annual. - 0 0 11 | 49 | 76 | 80 100 Annual....... 0 9 31 54 62 een 
| | | 
(Spring 0 0 21 | 38 | 57 | a Spring........ 0 2 61 85 80 | 
Summer. .... 0 0 29 75 88 100 100 Summer... ... 0 18 25 40 62 ee 
ey Autumn. ....- 0 0 47 | 2 100 100 100 ee Autumn. .....| 0 38 68 s8 90 360 |. .oshades 
|| Winter. 0 0 86} 100 dh ST PE eee Winter........ 0 75 100 100 MD 18s bo nc clocaceens 
Annual. 0 0 38 | 72 | 85 | 100 100 Annual....... 0 33 57 77 79 GD l.ceseeue 
_ See 50 52 65 | 68 | 72 67 100 Spring. -.....- | 50 62 77 85 93 EEE 
Summer 50 51 64 | 81 | 77 | 89 100 [shimmer seabe | 50 59 73 67 83 | ft See 
Diccsovnduan Autumn. 50 57 79 96 | 100 100 100 Bs csstes due Autumn...... | 50 67 78 80 | 95 100 | 100 
\|Winter........ 50 59 BF 94| 100; 8 ans [Winter wie | 50 74 6 94/ 100, 100)........ 
\{Annual. .. 50 54 71 82 | 83 | 86 100 Annual....... 50 65 81 83 O4 100 | 100 
| | 
i ee 100 100 100 109 100 | 100 100 Spring. -..-...-- 100 96 92 | 89 | 100 BED hecccczcs 
Summer... 100 100 100 | 100 | 100 {err Summer...... 100 97 92 90 | «Fa ee eee 
aU caeaen }; Autumn. ..... 100 100 100 | 94 | 100 BED leccti vce a Autumn vere 100 100 100 | 100 | OF BD |..dedee 
|} Winter........ 100 100 100 100 } 100 100 100 .) ee | 100 96 96 100 100 100 | 100 
Anntal....... 100 100 100 Qs 100 100 100 Annual....... 100 97 95 | 95 | pe 100 100 
\(Spring........ 100 100 100 ae ae ae Spring. ....... 100 100; 100; 100) 
Summer 100 100 100 100 | 100 St taodhenecs Summer... ... | 100 100 100 | 100 | 
OF vnevieccan i Autumn.....- 100 100 100 100 | 100 BED dcseess . |, eee Autumn...... 100 100 100 | 100 | 
| wisster BOE 100 100 100} 100| 100 100 100 Winter........ } 100 100} 100} 100) 
\|Annnal. 100 100 100! 100) 100 100 100 Annual....... | 100 100 100 | 100 | 
| j | | 
| Spring........ 100} 100 100 100 100 ae Spring «..<...2 
||Summer. 100 | 100 67 67 to Se ae {stimmer wadouu 
WSW.....){Autumn...... 100 | 100 100 92 100 100 100 WSW.....\;Autumn...... 
| pba ARDS 100} 100 100 100} 100! 100 100 [Winter oie die 
|LA nnual. 100 | 100 96 92 95 100 100 Annual....... 
\(Spring........ 100} 100 100} 100] 100 A SR Spring. ....... 
|| Summ ‘. 100 | 100 100 100 100 .— ae ; Summer... ... 
Wreivssde nen Autumn 100 | 100 100 100 | 100 | 100 100 W vxsisioies Autumn..... 
Ih inter..... 100} 100! 100! 100! 100/ 100....... Winter........ 
}{Annual 100 | 100 100 100 100 | 100 100 Annual... .... 
Spring. 100 | 100 100 100 100 | 100 100 Spring........ 
[Summer wat... 100 | 100 100 100 100 100 100 Summer... ... 
WNW.....){ Autumn 100 | 100 100 96 100 | 100 100 WW 250 4Autumn...... 
|| Winter. 100! 100; 100) 100/ 100! 100......... Winter........ 
Annual....... 100 | 100 100 98 100 | 100 100 Annual....... 
2. 100 | 100 100 100 100 100 100 Spring........ 
||}Summer...... 100 | 100 100 94 100 100 100 Se ES EE eee eee 
Pe ccdenan  Autumn.... 100 | 100 97 96 100 ge BYP a sAutumn...... 
|| Winter....... 100 100 95 94 | 100 | 100 100 Winter........ 
itAnnual....... 100 100 98 96 100 100 100 Annual....... 
. 100 100 78 65 75 | 50 50 Spring. .....-..] 
[stimmer. = 100 100 &8 100 | 100 100 | 100 Summer... ... 
NNW.....|{;Autumn..... 100 100 72 86 | 88 100 |...... NNW..... Autumn...... 
| Winter eh. 100 100 86 R6 92 100 100 Winter........ 
Annual... 100 100 82 &3 | RR RS 75 Annual....... 
| 
Spring........ 53 | 53 54 63 | 78 17 71 Spring........ 
Summer... ... 48 | 48 51 71 | 83 94 100 Summer...... 
Means. ..../{Autumn..... 56 | 56 58 74 88 86 | 87 Means..... Autumn...... 
|| Winter 70 71 73 87 | 97 | 98 100 ees 
Annual. . 56 56 59 74 92 | 94 91 Annual. ....-.. 
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TABLE 16¢.—Average percentage frequency of a west component in winds ‘TABLE 16f.—Average percentage frequency o of a west component in winds 
e 



































at various levels at Leesburg, Ga. at various levels at Royal Center, Ind. 
Altitude above m. s. 1. (meters). Altitude above m. s. 1. (meters). 
Surface | : . pmcinn. Surface | 
direction. | Season. ; direction. | Season ; st (AREER \aEonnend 
85 | 500 | 1,000 | 2,000 | 3,000 | 4,000 | 5,000 225 | 500 | 1,000 | 2,000 | 3,000 | 4,000 | 5,000 
—— — =e . = . - = I . inl | —J vs : — 
Spring........ 50 mit ge leesius, ae aon aaa \(Spring........ so} 7! 7% 75 A Oe 
Summer. .... . 50 100 | SRS |e eR EREe Summer... ... 5O | 33 22 57 ERTS >: IRIE Gs 
TF ., co scspede Es cee 50 50 50 100 | | RES ee Autumn...... 50 67 67 67 Slicécosticlicneecin 
|| Winter........ 50 67; 33) 100) 100 100 Winter........ 50 0 0 ® )nevevessleocecens megeen’ 
(Annual... > -.: 50 70| 50 100 | | 100 100 Annual....... | 47 4} 60 aba ME Ps. 
} 
\{Spring........ 0, 20 | | eS a es ee Spring........ 0} 0 0 | 40 Ti Secccotacioowtlll 
ee ar eee ~ lcavcade eecccbdehiwovddbtccouseste eles Summer... ... 0 0 0 20 | RS FS 
Bio cess ;}Autumn...... 0 0) | ee Re eS eae ae Autumn...... 0 a 22 60 75 ae 
|] Winter heossses 0 0 | 0 0 | D leoosevelesecvese || Winter........ 0 0 33 BP nw ccccaclssedsscsboscosout 
Annual....... 0 9 33 0 | ee idelenséanes Annual....... ‘0 4 12 41 60 ee eo 
| 
a 0 25 33 | ees eee Spring........ 0 0 0 25 100 
Summer... ... 0 0 0 |) SR ) a RE Summer... ... 0 0 0 33 SEP Ts sho duh wetwdd 
az Autumn...... 0 0 0 0 | _ | RET?" SR eee, © Autumn ...... 0 0 0 0 MET Vaéscecsde 
|) Winter. ....... 0 0 20 Ee Le Winter........ 0 0 0 0 resicishstaean 
Annual. ...... 0 6 14 17 | Pl, cscccthlevenette Annual....... 0 0 0 27 UP hacvenettisacdedte 
| speing o) 0 0 0 50 | | a a | Spring. ....... 0 0 0 0 1 CE MEME 
Summer...... 0 0 0 0 | 0 © licosbese Summer... ... 0 0 0 0 W tocnensektusdsheas 
ENE...... jAutumn...... 0 0 0 0 | lie cuadiitoate ENE...... {Autumn...... 0 0 ee RR: eons catia 
1) Winter, ....... 0 0 0 a ft ee Pa. FP at 0 0 0 0 DF lopssevdhendabse 
j(Annual....... 0 0 0 17 17 i bivecewds Annual....... 0 0 0 0 D lesvesediaiae 
(Spring........ 0 0 0 O#..cdivsnesls iy A dausit Spring........ 0 0 0| 1! 33 5 
Summer... ... 0 0 0 0 | | Oe aia Summer...... 0 0 0 0 DL iccscadbucinel 
il ccecdean Autumn...... 0 0 0 0 | Eiienkeeedinseeeses RS *Autumn...... 0 0 0 , SR GE eeree or 
| began’ ee 0 50 SE RS ae: | epereeten ee 0 0 0 0 | as 
Annual. ...... 0 3 4 0 DP MewadicdeMcsbdede Annual....... 0 0 0 6 33 0 
'(Spring “Preenk 0 0 Ul Biss scetticaaess Silassccoct a eacdinie Spring........ 0 0 0 0 ee) eee 
Summer...... 0 0 0 0 | Cia | Cant Summer...... 0 0 0 23 | teas a Ecaeis 
J ere Autumn...... 0 0 0 D | 50 Picecce< | nS 4Autumn...... 0 0 14 40 BE fesecoces 
, ae 0 ee a. SE LO Se ae 0 0 20 50  , ee See 
‘(Annual..... 0 0} 12 25 | 25 Se Annual....... 0 0 ll 33 a 
, 
\(Spring........ 0 20 | 7 100 100 100 100 a 0 0 17 50 _ , Pare entrees t 
Summer... ... 0 0 0 50 | RG. 27 ea Summer...... 0 12 60 100 SPE ccéccdslannsinn dt 
| Autumn...... 0 0 | 0 ii ncsadiites.seditbacused __ eee S 4Autumn...... 0 8 0 100 100 7 eae 
Pirmcnccesiovessietlcnctaiah Sotiigebies cons : SS ee ke oenns a a 0 0 44 100 | a ha 
Annual....... 0 ~ 29 57 | 100 100 100 ‘tAnnual...... 0 6 33 92 100 SP leockcaee 
\{Spring........| 0 25 30 ee MOS cai Spring..... aid 0 4 78 100 100 100 
|jSummer...... Se: Re a eth” ATC LAD. Wht Summer... .. 0 7 25 100 100 ice 
ae Autumn...... 0 33 | 100 a, ERS TRAEAEAT Geen | sAutumn..... 0 20 ai) 67 
aia 0 7 | 100 100 100 lela Winter....... 0 38 8] 92 100 | Seer 
}(Annual....... 0 36 50 100 | 100 | ES oll Annual...... 0 32 62 AY 4 100 
} ' 
i{Spring........ 50 64 81 100 | 100 100 100 a 50 92 92 100 100 100 100 
Summer... ... | 50 . 0 a ae Lae: Pee Summer. ..... 50 | 78 SS 83 go mere . ee 
Dicncsasese Autumn...... | 50 67 100 100 ESS. See Mab nessaiathe Autumn...... 50 78 vi 100 100 «oY ree: 
WEIN dens 00- 50 60 89 100 | ER: penpem Winter........ 50 80 100 100 100 __, =o 
Annual....... 50 62 81 | 100 100 100 100 Annual...... 50 &2 93 97 100 100 100 
| j } 
ES | 100 100 | 100 100 | | ey: | ame Spring........ 100 100 100 100 100 100 
Summer... ... 100 100 | 100 100 oe eee Summer... .. 100 100 100 100 100 100 
_. faa Autumn...... 100 100 100 100 100 (aa a Autumn... .... 100 100 100 100 100 100 
pa | i00 100 100 100 ee Tee [Winter eseeses 100 100 100 100 100 100 
Annual....... 100 100 100 100 | 100 | a Annual...... 100 100 100 100 100 I tidéeosed 
Spring. ......./ 100 100 100 100 a. cdc Reh s [Stim ov ecees 100 | 100 100 100 100 190 
Summer... .... } 100 100 | |, CR AS Cees, Se Summer... ... 100 | 100 100 100 100 109 
ein cciabell Autumn...... } 100 100 100 100 100 i. soncme en Autumn...... 100 | 100 100 100 | 100 100 
Winter........ 100 100 100 100 100 Sates IW Se 100 100 100 100 | nd OT ee 
Annual....... | 100 100 | 100 100 | 100 Ride Fi Annua!....... 100 | 100 100 100 100 100 
| j 
Boring) ..-.<. 100 100 100 |S RET ita aval (Spr eee 100 100 100 100 100 100 
'}Summer...... | 100 100 100 100; 100 1. -..:;.. Summer... .. 100 100 100 100 100 100 
WOW 5 cen Autumn...... | 100 . i } ar ESSE CS SN WSW..... Autumn. .... 100 100 100 100 100 100 
\, eee 100 100 | 100 100 100 a a | Winter : ES 100 100 100 100 a tbscocs 
Annual....... | 100 100; 100 100; 100 ae Annual...... 100} = =—:100 100 100 100 100 
an 100 100 100 100 100 100 
Spring eeeccess 100 109 | 100 100 a ’ [stmmer ; 100 100 100 100 100 100 a 
- Summer... ... | 100 100 100 100 100 | ee Ww Autumn...... 100 100 100 100 si 100 te 
Ss. 4Autumn...... | =: 100 100 100 100 Dt Aniaes, as be Winter... 100 100 100 100 100 100 
Winter........ 100 100 100 100 | See ee Annual... 100 | 100 100 100 97 100 
Annual....... 100 100 100} 100 | ba) Seer > 
| } | Spring....... 100 100 100 100 100 100 
Spring........ | 100 100 100} 100 100} 100/........ Summer... . 100 100 100 100 100 .... 
Summer...... | 100 100 100 — TEE Sot , i ) ae Autumn...... 100 100 100 100 100 100 
WNW..... sAutumn......| 100 #100 100 100 100 “| ae Winter....... 100 100 100 100 100 100 
eae 100 100 100} 100 SRA epee Annual... .. 100 100 100 100 100 100 
Annual....... 100 100 100 | 4 100 yy Se Spring....... 100 100 100 100 100 .. 
| Summer.... 100 190 100 100 100 100 
|stimm ib aeeane 100 | 100 | 100 100 100 gf Ee NW....... Autumn..... 100 100 100 100 100 
NW i — 100 100 100 100 | er eee Winter....... 100 100 100 100 100 
eh ee eee oo!) |) 2!!! ee Jee eerste le ee eeeeelee settee ine eeeeeeliaseeeeeselessesese { 
ly ee 100 100 100 | 100 ay eee AREET ss; ... = - — -” om. - 
Annual....... | 100 100 100; 100 100 dk sities Spring....... 100 100 100 100 100 100 
| | } Summer. ..... 1”) 100 RS sO) 100 
|(Spring........ | 100 100; 100; 100 PAT 800 hsscs... NNW.....))Autumn...... 100 100 100 0 0 
Bee! manny Sereeee eee Riss in lhGsi adticthsh cde babbabios | Winter... ews 100 80 sO 100 100 .... 
i ae Autumn...... 100 100 | 67 67 67 190 100 Annual...... 100 95 a9 79 90 100... 
Winter........ 100 100 | 100 100 100 _. {= ps Sprin 53 61 65 77 R5 87 100 
(Annual. 22227" 100 «= 100} 89| 88) 86 | «100 500 a... 6; 668) C73) A] 38100 
| (eset | - Means.....{Autumn..... 67 72 78 sy 95 100 
Spring........ 52 58 | 75 89 96 100 | 100 Winter... 6S 71 NO 91 92 100 
Summer...... 48 48 | 44 35 53 | ae Annual ; 64 68 > m os 9? 06 100 
Means...../;Autumn...... 29 31 | 33 47 63 100 100 ir js arated : rs. ; 
_, saeane 66 71 | 87 92 95 100 | 100 
Annual....... 51 55 | 62 72 82 92 100 Nore.—In Tables 16a to 16f winds recorded exactly “north” or “south” have been 


considered as having had a westerly component in 5) per cent of the cases 
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TABLE 17a. 


Average percentage frequency of a west component in the free- 

















air winds above surface easterly winds at three northern stations —Drerel, 
Ellendale, and Royal Center. 
Summer. 
Altitude above m. s. 1. (meters). 
Surface direction. a 
Surface.! 500 1,000 2,000 3,000 4,000 
| EERE Rep BE 50 | 45 40 66 73 100 
i bsdvercennsattiests 0 | 2 15 42 59 100 
LESTE SOO 0 0 22 59 43 
i icndesecsrrshite obs 0 | 0 0 14 25 100 
Ee ee! | 0} 0 0 ll 67 100 
PebteUObecvaddevevce 0 0 0 34 OD. lencnchdeas 
| ES. AE ; 0 4 25 62 78 S4 
ER RRS E> | 0 ns 28 &3 90 92 
Bowvcccccosssesengesrens 50 | 61 76 84 91 89 
Means (a rections. 55 | 56 61 78 89 | 96 
Winter. 
| | 
ES Re EEE Pet 50 | 34 29 45 | 98 100 
PERE Mewnecccengess abbeves 0} 0 22 53 | eee 
ae. oe 0} 0 4 s | ae 
sO At eae 0 | 0 0 14 |) ee 
eee: ees 0} 0 0 ll 33 | 100 
| RRS, TET. 0} 0 21 78 89 100 
_ ee See 0 | 0 39 96 | 100 100 
© a 0 16 80 97 100 100 
Devecvescbésccusy Saueaet 50 65 93 97 100 94 
Means (all directions)... 68 | 70 77 90 95 99 
! j 
Annual. 
— eee | eae 50 48 | 42 63 72 93 
Sr eee ee 0} 2 12 38 62 85 
RES ENS 0 | 0 | 1 20 55 52 
Sa ee ee 0 0 | 1 s 22 | 50 
eel iadee 0 0 | 1 11 52 | 44 
Sa | Se ee 0 0 7 41 | 71 82 
— RECSURIARRRTS PC 0 2 22 66 | 84 90 
TEE LI 0 13 49 - 79 | 90 97 
Patsdsdedrenceves Pite<ss 50 63 81 90 | 93 94 
Means (all directions)... 59 61 67 80 | 92 95 


1Average surface altitude, 350 m. above m. s. 1. 


TABLE 17b. 
air winds above surface easterly winds at three southern stations 
and Leesburg. 


Arrow, Groesbeck. 











Summer. 
’ —_ a 
} Altitude above m. s. 1. (meters). 
Surface direction. ae ; 
| Surface.! 500 1,000 2,000 | 3,000 
——E——————— = | —— | 
50 58 53 | 
0 0 | 0 P atpauide~s 
0 3 | 3 ae 
0 0 0 0} 0 
0 0 0 0 | 0 
0| 3 | 20 33 | 33 
0 | 4 2 39 | 84 
| 12 29 51 | 64 
50 62 67 76 | 87 
Means (all directions)... 52 55 59 61 72 
Winter. 

j . | a ¢ “| 
ssi ietscaisasmines 50 49 | 38 86 100 | 
PR chic: sc acudeetecans 0 4 7 | 24 | 25 | 
| EE EC 0 4 7 | 100 | 100 
i) SRR RRR ey vt 0 0 0 | 33 0 
RAREST EA 0 25 il \wiloaasaenaeees & 
yee 0 0 7 25 34 


1A verage surface altitude, 150 m. above m. s. 1. 


Average percentage frequency of a west component in the free- 


-Broken 
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TABLE 17b.—Average percentage frequency of a west component in the free- 
air winds above surface easterly winds at three southern stations—Broken 
Arrow, Groesbeck, and Leesburg—Continued. 


Winter—Continued. 


Altitude above m. s. 1. (meters). 





Surface direction. — 


Suface. | 500 | 1,000 

. oe E 
ee aes. acces 0 | 12 | 36 
RT RES PGR 0 | 66 | 97 
SS ERE Gees 50 | 65 92 
Means (all directions)... 61 66 77 

Annual. 

‘i | 
a wae SIE is 50 | 50 2 
RRR ee 0 | 7 | 1 
| RE?” “Se 0) 4) 
Sci ac vublindkws oc 0 | 0 | 
estckubecnied’-. 0} 1 1 
te anc 0 | 0 17 
_ ap" See 0} 7 30 
RRR: cS 0 | 31 5 
ERE Wee Co A 50 | 63 81 

| 
Means (all directions)... 50 | 55 63 


TABLE 17¢.—Averuge pe 
ar u inds above 


2,000 3,000 4,000 
42 BE lobeveveses 
92 100 100 
98 100 100 
89 96 98 

| 

82 | 92 94 
19 37 81 
18 14 0 

S 17 0 

2 aE : 
45 64 100 
61 75 100 
84 90 93 
91 95 100 
7 85 92 


reentage freque ney of a west component in the free- 
at all six stations. 


surface easterly winds 




















\ Summer. 

roe tt aaa 
Altitude above m. s. 1. (meters). 
Surface direction. . ene 
Surface.! 500 1,000 2,000 3,000 4,000 

SE SS eae as 50 52 | 46 62 73 67 
RIS hE 0 1 9 25 59 100 
Sie. <> sceuahouenelt 0 2 2 15 30 43 
pete RII 2 ends 0 0 0 10 17 100 
Se Tr IE Be atttig? 0 0 0 6 50 100 
Re BO fej te 0 2 | 10 34 | ee 
| SRE PeRReREL EaarrciNy 0 6 23 51 82 89 
RRR RE BN ge 8 0 10 28 70 80 71 
ee SIRES. 2 51 ek 50 62 | 72 81 89 v4 
Means (all directions)... 4 56 60 70 80 86 

Winter. 
nao ies mersetdtioeeeaee 50 41 | 33 | 66 99 | 100 
NNE 0 2 | 14 39 54 67 
q 0 2 | 5 | 54 Re: 
0 0 0) 19 —— eee 
0 10 20 ll 33 100 
0 0 15 | 57 84 100 
0} 5 38 | 74 100 100 
0 41 89 | OF 100 100 
50 65 92 97 100 97 
64 | 68 77 89 | 96 99 

| 
Annual. 
. | | 
| tetaenekel EP Reman Re’ Sle 50 49 31 72 R2 94 
56 il ta 0 | 4 15 | 28 50 84 
iendeginns athena etedirs 0 | 2 3 19 35 2h 
DUE Sao e ticoateerett 0 0 20 g 21 33 
| CRORES 0 20 1| 12 39 44 
re SE 0 0 12 | 43 68 93 
_, Fes 0 4) 26 | 64 7s 95 
Wl 36 decrawtnnakedds das 0 2 | 52 | R2 90 | 95 
er ee ee 50 63 | 81 90 94 | 97 
| | 

Means (all directions)... 55 58 65 78 &9 04 


1 Average surface altitude, 250 m. above m. s. I. 


2 Less than 0.5 per cent. 


Note.—In Tables 17a to 17c winds recorded exactly ‘“‘north” or “south” have been 
considered as having had a westerly component in 50 per cent of the cases. 
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TABLE 18a.—Average percentage frequency of a north component in winds 
at various levels at Broken Arrow, Okla. 





Surface 


direction. | 


BOW os dca 


WOW sexs 


NNW .20,. 


Means..... 


Season. 


Autumn...... 
Winter........ 


—_— 
BR 
c 
es 
Bd 
fer} 
ta] 


Spring ........ 
Summer ...... 


—_—_—_" 
- 
t=} 
E 


Autumn...... 
lal 
Annual....... 


ee 
RR 
55 
5 
a5 
Ee 
ea] 
@ 
tool 


Ss caskcss 
Summer ...... 
Autumn.... 

Winter 


————, 


ee 
Summer ...... 


Altitude above m. s. 1. (meters). 








500 | 1,000 | 2,000 





100 
100 
100 
100 
100 


82 
100 
94 
92 
91 


88 
100 
100 
100 

97 


100 | 
100 
90 

100 | 
6 | 
78 | 
100 | 
88 | 


BS 


Annual..... wal 


a Say 
a> 
Se 
=e 
a= 

e 
ae 
5 
S 


«on <pepe 
Summer ...... 
Autumn...... 
ee 


Spring ........ 
Autumn...... 


Welescchice 
Annual..... a 


Spring 


. 





, . eae 
Annual....... 


[winter 


Summer. ..... 


Summer ...... 


Winter...... - 





Spring 
Summer ...... 
Autumn 
Winter 


Spging........ 
Summer...... 
Autumn 
Winter 
Annual 


Summer ...... 


a a aaa rennet 


Annual..... oe 


Summer......| 


Summer ......} 


_ } 


Spring ........ 
Autumn......! 


Annual..... = 


Annual..... cial 


pe i 


0 | 


0 
0 
0 
v0 


0 


0 
0 
0 


v0 
0 
0 
0 





0 
100 
0 


3,000 | 4,000 | 5,000 
er)... eats 
bie oo tt aed 
hee RR ota 
100 Th eae 
33 | 
rey UE ape 
ef ei 5 RR 
ol Tee 
ea hy |] Neneh 
kod TERE pie 
83 alas 
0 _ ee 
ae RS peg, 
Chines oT | _) Sapa 
2 
0 | | ee 
0 | 0 0 
nee abe 
0 he 
0) _ 5 ere 
0 | 0 0 
oo Ee 
4 0 0 
6 | | =e 
18 | 4 er 
i | ett 
0 | aE? 
8 _ Ree 
29 | kee, 
0 | a See 
EE soaps 
33 — 
10 tha gli 
a 
oe FRR gee 
50 | 67 100 
&3 100 100 
59 80 100 

| 
en RR ay, 
en aa eee 
100 | a Si 
an... 
es Sa eae 
ny ST ange 
>. I ae 
| Se Monerae 
ney 5 0 ane Maan 
Shs scilsicsctes 
 , AS 
ad a Datel 
100 | Jj ae 
SS Se cuedses 
100} 100 ........ 
sem eT GI Mpc 
ii citatladedeses 
100 a 
32 | _ | eRe 
10 | } enrvee 
28 | 33 25 
69 | SO 100 
31 33 40 
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TABLE 18b.—Average percentage frequency of a north component in 
vrinds at various levels at Drexel, Nebr. 


Altitude above m. s. 1. (meters). 




















Surface 
direction. Season. l 
396 | 500 | 1,000 | 2,000 | 3,000 | 4,000 | 5,000 
.— | 
Spring. ....... 100 | 100 100 100 96 OP hcscseces 
| |Sumumer...... 100 100 | 100 100 100 100 100 
Woscctesaan s,Autumn...... 100 | 100 100 97 100 82 100 
|| Winter........ 100 100 | 100 97 96 | _ | ae 
\{Annual....... 100 100 100 98 98 | 89 100 
| | 
Spring........ 100; 100} 100 100 100; 100 100 
|}Summer...... 100 100} 100 91 et ] eae 
NNE.....- };Autumn...... 100 100 | 96 86 100 | 100 100 
|] Winter........ 100 100 | 90 82 ag $e IRE 
| Annual....... 100 100 | 97 90 86 100 100 
|(Spring........ 100 100; % 80 80} 100)........ 
||}Summer...... 100 | 100 90 72 62 | we iéttdonses 
NES Autumn. ..... 100 100 | 95 73 89} 100)........ 
sin degwe 100 100 78 50 4. rr a 
Annual. ...... 100 100 | 91 74 76 | 3 See 
Seriiig..:..... 100} 100 65 38 COS 
Summer ...... 100 93 80 67 50 WP Se disiete 
ENB. iccos Autumn...... 100 100 86 75 i ALS ESS PP Ye 
, 100 84 29 0 9 Oe ere 
Annual....... 100 97 63 39 24 33 
Spring......-. 50 38 31 27 14 | 0 0 
||Summer . ..... 50 | 37 32 il 0 | O foscseass 
is ccosbeben }; Autumn ...... 50 3% 25 il yp Se 
, | - ee 50 33 11 17 17 © faebdsene 
}{Annual....... 50 36 27 17 10 0 0 
Spring ........ 0 0 0 0 - 0} D facedense 
Summer... .. 0 0 0 0 , ae baeeat 
BOR. oan 4Autumn...... 0 0 0 0 0 0 0 
Winter. ...... 0 0 0 0 0 | O hesesuacs 
Annual....... 0 0 0 0 0 0 0 
Spring. .....-. 0 0 2 3 4) BS bncvscces 
Summer ...... 0 0 0 0 15 | OP itscosss 
Bs. csnnas Autumn. ..... 0 0 0 0 0 | O Th icires 
1} Winter........ 0 0 0 12 15 25 100 
Annual....... 0 0 l 3 8 | 22 100 
Spring........ 0 0 0 0 4| 0 0 
Summer ...... 0 0 0 0 4] ~ 33 
RES Autumn u 0 0 0 0 0 | 0 0 
Winter. ..v<... 0 0 0 6 35 | GD dencences 
PEGE ccc 0 0 0 1 10 | 12 20 
Spring........ 0 0 0 6 7 © loueudeds 
Summer. ..... 0 0 0 2 4) | Bieta 
Docccuctien Autumn...... 0 0 0 0 6 16 67 
Winter. ...... 0 0 0 7 21 | 73 
jtAnnual....... 0 0 0 3 ll 25 67 
| ee 0 0 0 u 18 | 50 50 
Summer. ..... 0 0 0 5 10 | 15 0 
ae }} Autumn...... 0 0 2 12 32 | 41 50 
_. ee 0 0 2 32 64 | 100 100 
Annual....... 0 0 l 13 28 41 50 
Spring ........ 0 0 7 19 35 | 44 0 
Summer. ..... 0 0 0 10 32 De Souvenmnse 
OW. cs onae i Autumn...... 0 0 12 34 50 | 40 = 
|] Winter...... x 0 0 20 50 50 | 50 100 
Annual. ...... 0 0 10 29 42 | 45 67 
Se 0 12 41 60 75 oe 
Summer...... 0 0 18 40 38 )}) a 
WSW..... Autumn...... 0 5 32 50 64 78 100 
|] Winter. ....... 0 14 52 81 78 62 100 
i{Annual....... 0 ) 39 63 68 | 68 100 
| Spring........ 50 60 60 77 75 | 80 100 
Summer ...... SO 5O 86 S3 80 67 100 
W ecccahuns Autumn...... 50 60 SO 75 75 _ pans, 
_, sae 50 62 90 SY 96 CR 
Annual....... 50 | 60 80 | 84 88 | 83 100 
Spring. ....... 100 100 100 82 71 80 100 
Summer...... 100 100 86 79 73 100 100 
WNW , hee aamed 100 100 100 8S 75 72 50 
,, _ re 100 100 96 SS 87 75 100 
Annual....... 100 100 96 85 79 79 3 
| 
Spring........ 100 100 100 96 83 a 
ee senor 100 100 96 96 95 62 100 
iW codanee Autumn...... 100 | 100 | 100 Ys xy 67 SO 
Weel: escapes 100 100 | 100 100 97 { ae 
Annual....... 100 100 wy 98 | 91 68 67 
i ' 
_. es 100 100 | 100 92 86 86 50 
Summer. ..... 100 100 | 100 96 yO 80 50 
TW eins he 5 Bel 100 100 | 100 YS v4 65 75 
_, eee 100 100 100 ys 2 69 50 
Annual....... 100 100 100 97 91 72 60 
=e 50 50 49 47 46 57 50 
Summer ...... 7 37 35 35 4l 4l 58 
Means... fe denee- 45 45 | 47 47 50 50 63 
OEE chene oe 55 56 58 63 67 68 90 
Annual....... 7 47 | 47 48 52 53 65 
| | j 








TABLE 18c.- 


Season. 
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Average percentage frequency of a north component in 
winds at various levels at Ellendale, N. Dak. 


Altitude above m. s. 1. (meters). 








o>. ae ' 

3,000 | 4,000 | 5,000 
100! 100) 100 
100| 100 100 
PT, HEED lecsssase 
100 -......, 
94 90 | i100 
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100 Re 
80! 100).......: 
100/ 100 |........ 
100 |........ Resenald 
95 .....22 
100 1 
go} 100|......-: 
ee 
| her ebeel ikea 
7. 1a |........ 
40 DG 
\. ie epee 
ee 4 Vas eee 
i a Cd, 
0 | aes 
40 oi... aa 
Bad opie 
22 oe 
* is ae iar 
.)..... oe 
0 0} 0 
33 50 | 0 
9 25 0 
0 eee 
0 0 | 0 
17 | =. 
Ne abs teon 
10 0 | 0 
0 | "| oe 
6 0 | 0 
12 0 0 
Lt... Riu 
9 a| ry 
12 33 0 
5 33 50 
23 29 50 
64 t....4. 
20 43 40 
27 67 100 
57 | eee 
23 ft Sennen 
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38 55 100 
oS a ee 
80 | "100 02227777 
20 | eee 
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00} 100|........ 
6 leccesceslecscceses 
88 | "100 100 
100| 100 100 
9 | 100 100 
7 ae 
29 * ipemabeeed 
73 67 100 
ar. eee |... 
69 62 100 
33 67 50 
83 75 100 
90 89 100 
100 eVect... 
82 77 67 
87 67 100 
92 86 0 
83 | ey 
92 88 67 
88 74 60 
92 7 50 
s9| 100 100 
100/ 100]........ 
92 86 0 
ri) 88 50 
53 60 57 
48 58 44 
57 57 62 
82 83 56 
59 64 55 
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at various levels at Groesbeck, Tex. 
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Summer...... | 





|(Spring........ | 
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Autumn...... | 
I icin | 
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a 
Annual....... 


| 
= 
— 
| 


Spring. ....... ‘ 
|}Summer...... ed 5 
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TABLE 18<1.—Average percentage frequency of a north component in winds 





Altitude above m. s. 1. (meters). 

1,000 | 2,000 | 3,000 | 4,000 | 5,000 
100; 100 aa 
a RE. on ol IR 
100 | 100 100 OO adie 
96 86 86 100 | 100 
98 93 93 100 100 
100 100 75 100 100 
100 Det secloasesde 
4 100 SS _  ) ere 
88 883 83 67 100 
94 | 92 83 8S 100 
100 100 | Ee hn 
100 4g ee} - dG lie 
100 100 67 100 100 
67 og BE wees 2 RR AS 
90 | 100 75 100 100 
67 og RRR EROS ER ee earned 
67 ke 4 SRR taser 
DY ts dn ob c0slaniotmmanhammte Secleccuc cad 
70 50 | ng hed SS 
17 [eee ee 

0 OT. antenaiiadtecb<lisadaaws 
12 0 ee 
| FORE EAE bee TE SB 
10 0 | on ke a ee 
0 0) 
10 0 
0 0} 
0 0 
3 0 
0 0 ee ee eee 
0 er 0 re 
0 0 | 0 _] ape 
0 0} og nos EY fied ote 
0 0) 0 | aa 
0 0 0 er. 
0 0 0 | ee 
0 0 | 0 O Liven 
0 0 gg EE Tee 
0 0 0 _ 5 RE 
0 0 0 i) ee . 
0 0 17  ) ae 
0 0 5 0 0 
0 0 7 Oeste 
0 0) 6 | 10 0 
| 
0 11 | 9 | | CRAGAEIE 
0 0 4 EE eee 
0 5 6 | _| ee 
4 14 14 | 0 
1 7} 8 | 0 0 
12 17 a ee ere 
0 0) a, ee eee 
0 0} , Ma ee See 
7 33 67 67 100 
4 15 32 67 100 
17 20 0 © licnccsan 
14 Sheek 5 = EE Be - 
25 25 gE RRR ROIS: 
DN, cabvccclcetipaneedetcsclce cone 
21 fe 
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TABLE 18e.—Average percentage frequency of a north component in winds TasLe 18f.—Average percentage frequency of a north component in winds 
































at various levels at Leesburg, Ga. at various levels at Royal Center, Ind. 
—_— — en eee ocr. ee — a - 
| Altitude above m. s. 1. (meters). | Altitude above m. s. 1. (meters). 
Surface citesmssniggetiencaebiataeaeaaanapads , Los — a onan Surface . a 
direction. Beason. | | i direction. Beason. | | | | 
85 500 1,000 | 2,000 | 3,000 4,000 5,000 } 225 | 500 1,000 | 2,000 3,000 4,000 5,000 
} | | 
| i | 
Spring........ | 100} 100! 100/........ Teter gree Ree Spring.......| 100| 100] 100) = 100} 100 |........|---.00 
Summer. ....-. 100 100 | SOO TéS0 So casts debeee rt eee Summer... .. -| 100 100 100 | 100 DEP Bisssessdiocodsdec 

W . dvisaccs Autumn...... 100 100 100 100 100 eee nwaseckeull Autumn...... 100 100 100 100 BED Ecwcudbvdlocoveges 
Winter 100 100 100 100 100 100 100 Wel ew escent 100 100 100 BED loccccccs Recoseucisapeseoe 
Annual....... 100 100 100 | 100 | 100 100 100 Annual... .... 100 100 100 | 100 10D |... cccccleccconce 
Spring........ 100 100 a AD Eas Ae, Sade ee 100} 100 100 | 100 ih ost 
| RE Fai EE gl Sa OE | L-opeeeecis ossetp elo aanrd Summer... ... | 100 100 | 100 | 100 _ g EME Ee 

NNE..« se Autumn...... 100 100 ll hs éebaeoplecedpasaiescesdbelecedape IN. ccoe Autumn. ..... | 100 100 100 100 100 See losconens 
J 100 100 100 100 | BOD fescccenclocappané SPE ences 100 100 100 Dt lonaececeiedseseselaceben - 
Annual....... 100 100 100 100 Be Bia scdépsicsoseabé Annual. ...... | 100 100 100 100 100 | 100 100 

| 
Spring........ 100 100 100 100 |.....---|----22-+)-eeeeeee Spring........ | 100 100 100 100 gg ere Ee 
Summer... ... 100 100 100 100 |. .... 2... --eeee somone -” Summer. ..... | 100 100 75 | 67 SE tvoccteteleapeegee 

NE... ccs Autumn...... 100 100 100 100 | BE teccctie tlccectns | ee Autumn. ..... | 100 100 100 100 a ivccciielenesenms 
Winter........ 100 | 100 SR ROE ee See Winter........| 100} 100; 100] 100/ 100]........ .....0+. 
Annual... .... 100 100 79 100 | POP Ee vc tac cl> otquges j|tAmnual....... 100 100 93 | 91 gg AE. 2 hp ie ei 

. | | 

Spring. ..-...- 100 | 80 50 50 | 8 ee eres |(Spring....--..| 100 100 100 100 IDO Jon cccccslcccccces 

}|Summer. .. ... 100 | 67 50 60 | 50 iv oveanine Summer... .. 100 100 | 67 | 100 ioe tncaaktebives en 
ENE...... 4 Autumn...... 100 | 83 67 100 | § Pir EE Ms > cdbos Autumn. ..... 100 100 eee RS Se te cankl 

|| Winter........ / 100) = 67 50 — | a * eetom: webieans Winter......... 190 100 iii 100 OS aber ak aan 

| Annual....... 100 74 | 55 67 67 | ao Annual....... 100 100 87 100 OR RRR ate Meare ae 

|(Spring........ 50| 50 0 Nas ER Rah eet Spring....... 50 43 28 14 33 | ore 

}}Sumumer. .. ... 50 i 44 28 BD Jocccewesloccccccs Summer... ... 50 33 50 100 BED lo ccdeccdls sesstec 
EB... .cccces Autumn. ..... 50 | 50 40 43 BO f. .nccccslocccddes E....-.--se AUCUMR. . 50 7 60 BO iccasvscslocccess 

i} Wintedss.....- 5O | 0 SES shccasles bese oie «sdeveslahed ‘om Winter....... 0 33 33 | 0 Re a, ae. 

| Annual....... 50 | 48 35 31 OD fo ouctuvalendlates i{Annual...... 50 2 | 39 50 50 100 

| 

| (Spring. .---.-- 0 | 0 Bilescccenclocsssccelecccetesiecoecges Spring......-.. 0 0 0 33 D lectecesiocccames 

};Summer.....-. 0 | 0 0 0 OD lecccsuvelodss sides Summet. ..... 0 0 0 0 DT lococoscsloanemace 
BSE....<é- Autumn... .... 0 | 0 0 0 0 D |]. cetsneos ESE.......4 Autumn..... 0 0 0 0 Re pe 

|} Winter........ 0 | |) eS ry | ees aerrree Ae Winter. ....... 0 0 20 0 | ee Sh: ; 

/(Annual....... 0} 0 0 0 0 © |... 0 Annual. ..... 0 0 5 7 @ iaccetediseccutes 

| | 

|(Spring.....--- 0 | 0 0 0 0 0 0 |(Spring.......- 0 0 0 0 O hanaues sch seams 

Summer... ... 0} 0 0 0 © leccccccclaeeuses Summer...... 0 0 0) 0 EE See ae 
) ae Autumn...... 0 | 0 0 © lc6eccockewensresricnedive ae Autumn. .... 0 0 0 0 0 de al 
pi eS eee Re ae 6 een eee Winter........ 0 0 0 0 gee ee Sn ae 
|{Annual....... 0 | 0 0 0 0 0 0 Annual..... ‘ 0 0 0 | 0 0 4 ee 
Spring ........ 0 0 0 0 OD leccseseclecoscede | ee 0 0 0} 0 0 1 fh nt 
js eres eres eee Py eee eee ees eee eeees eee eer eee Summer. ..... 0 0 0 0 5 Fee 2 

SSE....... Autumn...... 0 0 0 Bees oe eee SE ee Autumn...... 0 0 0 0 | eno 

Winter........ 0} 0 0 0 0 0 |..--++-- Winter. ....... 0 0 0 s 12 Did iccession 
}{Annual....... 0 | 0 0 0 0 ae Annual....... 0 0 0 4 6 |) etn 
|{Spring...----- 0} 0 0 0 0 0 0 Spring........ 0 0 0 10 20 50 100 

Summer... ... 0 0 WF Ec caveedinlencceesaeeseseeeieeaesece Summer...... 0 0 0 0 hae 

§ Autumn ...... 0 | 0 0 0 ae as ae /Autumn...... 0 0 0 0 10 0 
Winter........ 0 | 0 0 0 7? he cosescolelasdbos Winter........ 0 0 0 20 50 yy SOREN 
Annual...... 0) U 0 0 v0 0 Uy Annual...... 0 0 0} 6 ll 12 100 
Spring........ 0 | 0 0 0 bMS SE Eee or ae 0 0 0 0 14 0 
Summer ...... 0 | 0 0 0 D ioovecsceleshbied ee Summer...... 0 8 18 10 12 50 

SSW . cde | Autumn ...... 0 | 0 0 0 0 D leccshwee SSW....../4Autummn...... 0 0 0 0 6 a he 
Winter........ 0 | 0 0 0 © To cocecselsakduees Winter. ....... 0 0 0 10 0 ig BR. 
Annual....... 0 | 0 0 0 0 0 |-------- Annual. .....-. 0 2 4 4 9 OD lecccep 
Spring Th onvcen 0 | 0 0 25 >) ae Sere Oe 0 0 0 14 25 gl AE 
Summer. ..... | 0 | 0  E.ectcodaitteasenn esdbonnttiebes Summer... ... 0 0 5 19 25 gy Sn 

| ee Autumn...... 0 | 0 0 0 0 D leccsdbee >) —_ Autummn..... 0 0 7 21 40 i dow dibed 
po) 0 0 17 40 40 BD Wisvds Winter.......-. 0 0 21 38 og Aa? COM aa 
Annual....... 0} 0 6 30 33 DD lect IGs0 Annual....... 0 0 9 24 34 ed Tn SM 
Spring | 4 ae ) 0 20 38 60 0 
~ ae pectes : : DP tinadnsnusecedindbiberass a sane: 4 4 7 19 20 5p 

; Summer. ..... 7 0 0 © |...-.4-- saa : be : 

WsW..... Autumn...... 0 | 50 | RY 2: cheek Oh esenee, RE WSW..... Autummn...... 0 2 Bl pad 60 100 
Winter........ 0 | li | 29 57 60 Ortescercs os Ween cosnces 0 7 33 36 i Utnenes 
Annual....... 0 | 13 25 44 50 Saree Annual. .....-. 0 3 25 | 36 38 60 

ie sd Spring. ....... 50 56 64 58 62 i Lasepenee 
a ou 50 #0 100 100 }.....-.-/----- -- Summer...... 50 60 50 58 38 os 
Summer. ..... 50 | 4 33 40 5 | 0 |...+-- . We dneaX Autumn...... 50 57 65 56 71 100 

WF vqbscngicn Autumn...... 50 | wD wD wO 5 eee Oe Winter. ....... 50 68 75 &2 69 0 
Winter........ 50 | 43 = 67 100 jr tseetes tteeeeee Annual....... 50 62 67 66 62 86 4... J 
Annual....... 50 42 SS) 55 56 © fovsccses Spring........ 100 | 100 100 100 100 100 |..... 
ae 1 82 73 60 | Summer... ... 100 100 100 75 100 |........ 
ames teat Shs = 100 100 lc ” : a , Ment Wael waces Autumn. aes 100 100 95 82 62 50 

WNW.....2Autumn...... 100 100 100 100 fi i onegen: Winter. ...... 100 86 15 ‘8 80 100 
Winter........ 100 100 100 100 Pbisthasicckas +e Annual....... 100 95 91 82 is 80 
Annual....... 100 86 86 82 64 50 |........ Spring........ 100 100 100 100 a eee 

. | Summer...... 100 100 100 100 100 | 

Spring.......- 100 100 100 100 100; = 100 |......-. ccc. Autumn...... 100 100 100 100 3 i state 

= Summer... ... 100 100 100 100 100 |....--..|-++--- . Winter........ 100 100 100 100 | re sais 

UE cinivoahs (EE EPS: PES Ee eS ae ae ee " Annual....... 100 100 100 100 100 | En 
Winter........ 100 | 100 luo 86 75 WOO |------ Sprin 100 100 100 100 100 100 

{ : Bio cccccecs Wi FB) BW le cceccee 

Annual... .... - - - - ” we pereress Summer...... 100 100 100 100 | re eee 

Spri 1 a oi oo) Autumn...... 100 100 100 100 | ae ta 

eget Ti exc: ces ho: Soon Bete Rivers seanege Winter... 100} 100) 100,100) 100 222222) 

NNW...../{Autumn...... 100 100; 100 100 100 100; , 100 Annual...... 109 100 100 100 100 100 |....-..- 
Winter........ 100 100 100 100 100 Se isséevece Spring....... 39 39 40 47 54 60 100 
Annual....... 100 100 100 100 100 100 100 Summer...... 35 36 40 4 43 ts 

. . Means...){ Autumn. ..... 35 36 29 41 40 44 

Spring. ....... 44 42 33 | 32 36 38 0 Winter........ 36 39 45 48 48 | = 

u Summer. ..... 43 39 33 | 38 27 eae Annual...... 36 37 4l 44 45 50 100 

CO. 255 Autumn...... ay 47 50 | 43 47 14 0 

.. —_—— 50 45 50 56 Hey 50 100 — 

Annual....... 46 44 41 | 45 44 31 25 Note.—In Tables 18a to 18f winds recorded exactly “east’’ or “west’’ have been 








considered as having had a northerly component in 50 per cent of the cases. 







































































76 SUPPLEMENT NO. 20. 

TABLE 19a.—Average percentage frequency p a north com mt in the Tasie 19b.—Average percentage frequency of a north com t in the 
free-air winds at three northern stations—Drexel, Ellendale, and Royal free-air winds at three southern stations—Broken Arrow, Groesbeck, and 
Center. Leesburg. 

Summer, Summer. 
| 
Altitude above m. s. 1. (meters). Altitude above m. s. 1. (meters). 
Surface direction. — Surface direction. —— aR. EE 
| | ; 
Surface.'; 500 | 1,000 | 2,000 3,000 4,000 Surface.) 500 1,000 2,000 | 3,000 4,000 
| | 
100 | 100 100 100 100 100 sf SR, SOE 
96 o 89 100 100 100 i eihineelncdit penis 
83 63 71 86 100 100 Deed sks wnlecddbiccia 
66 64 75 0 34 75 60 50 50 
34 37 33 0 29 26 9 | LJ 
0 0 | 0 3 0) oy Bees 
0 0 5 25 0 0 0 | 0 
0 0 3 4 0 0 0 | 0 0 
0 1 3 16 0 0 2 | 18 50 
9 12 26 42 0 0 2 0 0 
6 26 46 6i 0 0 0 Pl conatceu 
23 42 42 25 0 38 33 33 0 
70 70 49 56 47 42 20 25 0 
95 82 85 88 100 100 100 > ae 
99 97 96 83 100 100 100 | ee le dd tacos 
100 99 93 90 100 100 100 100 100 
40 41 44 53 23 22 21 16 29 
Winter, Winter. 

7” Se j l Too — See oe ae Tr Ta 7 a> tar ? 
100 100 | 9g 97 98 MB Tica denckadeertbaccey 100 | 100 99 | 95 95 100 
100 100 | 93 89 aaa MMB ccs cccccctaes tesa 100 98 | 93 | 88 92 67 
100 100 | 82 75 SES es SEE eee 100 93 | 76 | 100 | Re 
100 95 | 55 33 sR EE tina sdiucang-ack 100 84 75 | 67 UP Lecdenceee 
50 30 | 15 22 | 22 ee Sate feorercer 50 | 0 | Gis ince icchccesscd 

0 0 | 7 0 ll “ae OSS eee 0 0 | 0 | 0 0 0 
0 0 | 0 1 13 pe, SOL SE SORIA 0 0} 0 | 0 O Livia 
0 0 | 0 13 32 — ae Se apeeteeteee: 0 | 0 | 0 0 17 0 
0 0 | 0 21 45 eR Shh! see eeegeees 0 | 0 | 0} 0 2 0 
0 0 | 8 28 42 ee 0 | 0 | 1 | ll 16 50 
0 0 | 29 52 | 54 ee” ee a 0 2 18 48 63 2 
0 7 | 52 72 | 70 81 Cg Sp ae 0 | 20 | 37 | 28 60 0 
50 62 | sb 90 | 85 I se ed eveabbtade 50 60 | 68 | 82 83 100 
100 95 | 91 86 89 i Se eepereeee 100 100 | 100 | 95 92 100 
100 100 | 100 99 | 96 Oe OE, cccakcseccosee 100 100 | 100 | 92 88 100 
100 100 | 100 99 95 Be Be iinsishecassorss 100 100 100 | 100 93 | 100 

| | | | 
52 53 57 62 | 66 60 ee 49 | 48 | 49 | 52 56 | 62 

| | | 

Annual, Annual. 

' | | | 

ete ev seas 100 100 100 98 97 | : a nO. + eee 100 100 | 99 | 96 | 98 100 

ee 100 100 97 93 | 94 | Se =—_s eer eteeperennneen 100 99 95 92 | 83 4 

Nes acohe tpneaede 100 100 88 79 81 “Beye SPR ee sigepeees 100 97 | 89 | 9% | 86 67 

EERIE 1 100 98 66 56 51 Be ei kidenethieaecdods 100 82 | 55 | 39 84 50 

| TERR cee 8 aie 50 38 28 26 | 27 33 50 23 | 19 | 10 i ee 

1 DE ibe ait a gS 0 0 2 2 3 12 0 0 | 1 | 7 0 0 

i ella s snes 0 0 20 3 6 7 0 0 | 0 0 0 0 

ee or ae 0 0 0 2 s 4 0 0 | 0 | 0 1 0 

CE ag da ii allie 3 0 0 0 6 14 27 0 0 | 0 | 20 5 y 

EE cdlinstteteesnode 0 1 5 14 25 | 39 0 0 20 4 6 13 

ERR ete i EES 0 0 13 31 46 | 53 0 1 | 7 | 26 4l 60 

aR AES 0 4 37 56 65 76 0 7 | 25 | 25 56 0 

DOL, See a 50 58 76 78 | 73 77 50 57 | 58 | 67 69 50 

o ¢ pete eas 100 98 95 87 | 80 79 100 95 | 91 85 80 75 

ep, ARS 100 100 99 98 93 81 100 100 | 100 92 85 

BW Aisccteds ies cccvcd 100 100 100 99 95 | 87 100 100 | 100 | 100 94 100 

Se eee 46 46 48 50 52 | 56 39 37 | 35 | 35 35 | 38 








1 Average surface altitude, 350 m. above m. s. 1. 
? Less than 0. 5 per cent. 





1 Average surface altitude, 150 m. above m. s. 1. 
2 Less than 0.5 per cent. 





AN AEROLOGICAL SURVEY 


TaBLe 19c.—Average percentage frequency of a north component in the 
free-air winds at all six stations. 


Summer. 





Altitude above m. s. 1. (meters). 





Surface direction. — 


Surface.'| 500 | 1,000 
' 
- - - = - - - See RRS 
EA SE 100 | 100 100 | 
I 2 scales. ooiteaeiovas 100 | 100 98 | 
| SER eee | 100 | 100 | 92 | 
BUTI ccc cocu dt cocbéeed | 100 | 92 | 69 | 
De cecBeiedlt CES Hood 50 | 33 | 30 
OEE c0tit. Li ss eet eeed 0 | 0 | 2 
WS No onesie Sardiecancaiciaes 0 0 0 
OR, oon 5n0 Scooter 0 0 | 0 
_ eee negara: 0 0 | 0 
| saben se teheg a2 0 1 | 5 
MC Ribmatateabes cece 0 0 | 3 
NE sang déseuwnnainad 0 0 | 30 
a neice sill 50 52 | 59 
eR aapeataiees 100 100 98 
(| SOMERSET 100 100 99 
BE ibe snccciddndsvcie 100 100 100 
Peitesseciancts 33 32 31 
Winter. 
AS 8 ae 100 100 99 | 
100 99 93 | 
100 | 26 79 | 
100 | 90 63 | 
50 | 18 9 
0| 0 4 
0 0 0 
0 0 0 
0 0 0 
0 0 5 | 
0 1 23 








| Average surface altitude, 250 m. above m. s. |. 


97247—-22—6 


2,000 


— 


SRESRSu-cooBSSN8 


/ 


w 
ro 


SSH aacoBsSlFS 





3,000 4,000 
100 | 100 
89 100 
71 86 
67 | 25 
33 | 0 
© bcood¥itiid 
5 17 
2 2 
9 33 
13 31 
27 61 
38 17 
43 42 
89 88 
97 83 
95 93 
30 41 
96 88 
88 67 
| eee 
6, RR PRN 
22 0 
8 17 
10 25 
24 14 
7 31 
29 5h 
58 63 
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TABLE 19c. Average percentage frequency of a north component in the 
Sree-air winds at all siz stations—Continued. 


Winter—Continued. 


Altitude above m. s. l. (meters), 











’ 
Surface direction. -—__—_—_— ; 
| Surface.| 500 | 1,000 | 2,000 3,000 4,000 
| j — 
Li Se iN ee 0 14 45 55 68 54 
Seencccosesesececesces 50 61 77 | SH s4 72 
BTS enter des coneuetn 100 98 96 91 90 90 
} W.. ee ee: ee eee 100 100 100 6 92 93 
| OES a eee 100 100 100 | 100 OF xv 
ae 51 51 53 rT 61 61 
Annual. 

ES eee 100 100 100 97 98 96 
| ae 100 100 ot) 92 SS 74 
Tintatinevuseebaindnd 100 | ay 88 87 R4 96 
PP es sspvevdssenpensns 100 | 90 | 60 48 64 39 
Fon eo ececesenececcsesel 50 | 30 23 18 24 33 
nie catkins: tu maiiclonbineem | 0} 0 1 4 2 5 
_ {See ee 0 0 | 20 1 3 4 
ere 0 0 0 1 5 2 
Re eine + SR 0 | 0 0 3 y 18 
EN sittin cones quacks 0 70) 2 y 16 26 
ll stich i anew Gindiiedinede wa | 0 70 10 28 44 ba) 
El aathceiseec>ammee 0 6 31 40 60 46 
pelasdapenedscseboveds 50 58 67 | 72 71 66 
, SEE, OSES 100 97 93 | g6 an 7 
REE SEES Sa 100 100 100 | 5 89 RS 
ES ee 100 100 100 | 100 4 93 
istccccesscnn 42 42 42 42 44 17 


4 Less than 0.5 per cent. 
Note.—In Tables 19a to 19¢ winds recorded exactly ‘“‘east’”’ or “west” have been 
considered as having had a northerly component in 50 per cent of the cases. 
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TABLE 20. 





SUPPLEMENT 


-Average percentage frequency of free-air wind velocities 


10 m. p. 8. and over and 20 m. p. 8. and over. 


Spring. 
summer . . 
(utumn.. 
Winter... 
Annual..... 


Season. 


Spring.. 

Summer 
\utumn.. 
Winter 
Annual 


season. 


Spring.... 
Summer. . 
Antumn. 
Winter. . 
Annual... .. 


Season. 


Spring. . 

Summer : 
Si cuiveévee 
Winter wae 
Annual. ‘ we 


Season. 


Spring. . 
Summer 
Autumn....... 
Winter... 
(Annual. 


Season. 


Spring... 
er 
AUCUMIM. occ cccces 
Winter. ... 
RE ere 





Broken Arrow, Okla. 
10+ 20+ 10+ 20+ 104+ 204+ (10+ 20+ /10+ 20+ 10+ |20+/10+ 20+ 
Altitude above m. s.1. (meters). 

233 500 1,000 2,000 3,000 4,000 5,000 
27 0 | 52 2) 62 6 61 4 | 78 9 (100 | 20 |....).... 

4; 0} 25| 0} 88! 1/31) 3| 45} 0/200} O}..../.... 
16 0 50 0 1 7: 7 67 7 | 93 | 21 |100 25 
17 0 | 58 3|72 11 82 13 96 31 (100 | 20 /100 0 
17 0 43 2) 58 5 6 6 70 10) 97) 19 (100 20 

Drexel, Nebr. 
Altitude above m. s. |. (meters). 

396 500 1,000 | 2,000 | 3,000 4,000 5,000 
16 0 | 33 1 | 65 |12)' 77 17) 88 27/95 41 |100 40 
3 0/17 0 57 5 | 63 5 78 8 | 87 | 10 | 8 58 

i ) | 22 0 | 72 9| 78 14/91 22) 94) 29 |100 16 

8 0 | 27 0'77;}10'} 89 23 > 96 38 99) 50 100 40 

8 0 | 25 2| & 9|77 15 | 89 | 25 | 94) 31 | 96; 3 

Ellendale, N. Dak. 
Altitude above m. s. 1. (meters). 

444 500 1,000 2,000 3,000 4,000 5,000 
2 0 0, 60 5 | 71)}12) 83 20) 97 31 (100) 100 
12 0:'17 0 50 2 | 55 5 | 69 8 | 88 23 100 22 
13 0:20; 0| 6& 6) 70; 12) 89 19) 98 | 30/100; 50 
22 0 26 0 & 9 80/18/93 28 100 37 100 50 
19 0. 24 0. 59 5 | 69/12) 8 19) 96) 30 100 | 53 

Groesbeck, Tex. 
Altitude above m. s. 1. (meters). 

141 500 1,000 2,000 3,000 4,000 5,000 
; | " [ 

15 0 57 4/61 12/60 11) 81 20/100! 12/100; 50 
1| 0/30) 0} 34} 1/24) 0} 27) Of100] O|....].... 
2 0 | 54 1 | 63 4 63 8 72 14) 89) 11 100 | 0 
10 0 | 52 3 | 67 11) 78 10} 93 18/94; 6/100 33 
7/ 0) 50) 2) 58) 8| 60; 8| 75 | 15/94) 9/100; 29 

Leesburg, Ga. 
Altitude above m. s. 1. (meters). 

5 500 1,000 2,000 3,000 4,000 5,000 
3 0 | 42 1 61 3 | 78 3 | 92 | 17 |100 | 29 (100 0 
4 0 | 22 2° 4i 3 | 62 8 | 71 0) 75 a 
2 0. 39 2) 36 0 | 50 3 | 83 | 11 100 29 100 100 
4 0 | 54 2) 74 2/82 18) 92 | 27 |100| 17 |100 0 
3 0) 4 2 57 2/71 9 | 87 | 17 | 96 21 100 25 

Royal Center, Ind. 
Altitude above m. s. 1. (meters). 

225 500 1,000 2,000 3,000 4,000 | 5,000 
18 0 50 2/| 65 10) 77) 16) 89/| 19 | 87 7 (100 0 
3 0 | 20 0 | 36 0) 51 4| 79) 11 100 _ SS ae 
3 0 | 31 52 2. 65 6} 84/11 1100; O}....).... 
10 0) 46 66 9 | 92 | 23 | 91 | 32 {100 | 43 |....).... 
. 0 | 36 1 | 55 5 | 71 | 12 | 85 | 18 | 96 9 100 0 


NO. 20. 


Season. 233 


500 


TaBLe 21.— Maximum free-air wind velocities, m. p. 8. 
Broken Arrow, Okla. 
Altitude above m. s. 1. (meters). 
5 RE as 
/ 1,000 | 2,000 3,000 4,000 5,000 


Dir. |Vel.| Dir. |Vel.| Dir. 





| 


Vel.| Dir. Vel.| Dir. Vel.) Dir. |Vel.) Dir. 'Vel. 


| 

















Spring....| s. | 17] s. | 24] s. | 27} ssw. | 28 | ssw. | 24 | ssw. | 23 |......|.... 
Summer.. ne. | ll | nw. | 10} mw. | 25 | mw. | 26] w. | 18 | ssw. | 18 |......)..2. 
Autumn... 14 | sse. | 20} sse. 22 8. 27 | sw. | 22 |} wnw.| 24. ow. 20 
Winter... n. 17 s. 26 | ssw. 32 | ssw. | 27| w. | 30 > wnw.) 21 wnw. 17 
I I f 
Drexel, Nebr. 
Altitude above m. s. |. (meters). 
Season. 396 «=| | (500 | 1,000 2,000 3,000 | 4,000 5,000 
| ; B 
Dir. Vel.) Dir. |Vel.| Dir. |\Vel.; Dir. Vel. Dir. |Vel.| Dir. Vel.) Dir. Iver. 
oe PE aE ; ae Oe ee as 
Spring. .... wnw., 18 s. 20 | nnw.| 31 | wnw.| 32. nw. | 35/ nw. 34) w. | 26 
Summer... ese. 15 /| ese. | 17 | wsw.! 30; sw. | 25° ssw. | 33) sw. 24 / nw. | 25 
\utumn..| wnw. 15 | ssw. | 18 | nw. | 36 | mw. | 33 | nw. | 31! nw. | 30) w. | 34 
Winter.../nnw. 14 | sw. | 21 | wnw.) 37 | mw. | 31 | wnw. 32/ sw. | 33) w. | 29 
| | | | 
Eliendale, N. Dak. 
Altitude above m. s. 1. (meters). 
l | ws 
Season. 444 | 500 1,000 2,000 3,000 | +,000 5,000 
Dir. Vel.| Dir. Vel. Dir. Vel.) Dir. Vel. Dir. va| Dir. Vel. Dir. |Vel. 
SS ee |—— 
Spring....,nnw.| 18 |nnw.| 18 | ssw. | 30 |nnw.| 26; w. 29] w. | 28 wsw.) 24 
Summer... s. 14 | sse 15 s. 24 nw. 23 |wsw. 29] w. 23 wnw. 27 
Autumn.. nw. | 29) nw. | 28 nnw.| 30 |wnw. 28 | ssw. 31 w. 31 w. 26 
Winter... nnw.| 19 n 18 ssw. | 40) w. | 27| w 31 |nnw. 27° sw. 26 
! 
Groesbeck, Tex. 
| ; 
| Altitude above m. s. |. (meters). 
| a. es — 
Season. | 141 500 1,000 2,000 3,000 4,000 5,000 
Dir. |\Vel.| Dir. \Vel.| Dir. Vel. Dir. |Vel. Dir. |Vel. Dir. |Vel. Dir. |Vel. 
Spring....| w. 17 s. 22 | ssw. | 23.) ssw. 30 | sw. | 32 wnw.) 26 wnw.| 22 
Summer..}nnw./ 11 |nnw./| 17) sw. | 21) nw. | 16; nw. | 16) w. | 16 ......|.... 
Autumn. .| wsw./| 13 s 22 | ene. | 24 ssw. | 24  wnw.) 27 | nw. | 21 w. 17 
Winter...) n. | 15| s 23 | ssw. | 31 nnw./ 29 w. | 28 | ssw. | 27/ nw. | 2 
| | | } ! 
Leesburg, Ga. 
| Altitude above m. s. l. (meters). 
} ' — 
Season. | 85 500 1,000 | 2,000 3,000 4,000 | 5,000 
| ee 
| Dir. |Vel.| Dir. |Vel.) Dir. /Vel.! Dir. |Vel. Dir. |Vel.) Dir. |Vel.| Dir. |Vel. 
Spring....|wsw.| 13 | se. | 21) sw. | 21 | wnw.| 22 | wsw.| 23 sw. | 21 | wsw 18 
Summer. .| sw. |10/ e. | 22/| ese. | 21 | ese. | 20/ ese. | 16} sw. | 13 |......|..-. 
Autumn..|  s. 10 | s. 21 | ssw. | 19 |wsw.| 25. w 22; w. | 23) w. 20 
Winter...) wsw.| 12 | ssw. | 21 | ssw. | 22 | nw. | 28) w 28 | wnw.| 21 | nw. | 16 
Royal Center, Ind. 
| Altitude above m. s. 1. (meters). 
Season. | 225 | 500 | 1,000 2,000 3,000 4,000 | 5,000 
| | - ata, Rae 5 aa 
| Dir. iVel.| Dir. lvel.| Dir. [vel, Dir. |Vel.| Dir. |Vel.| Dir. |Vel.| Dir. \Vel. 
—-| jo | — |- —|—_—_—| ——| 
| 
Spring. ... wsw.| 15 | ssw. | 23 | ssw. | 34 | ssw. | 37 | wnw.| 30 | wnw.| 24 |nnw.| 19 
Summer...) nne./| 11 | e. 18 | wsw.| 19 | wnw.| 22 | sw. | 24 | wnw.| 19 |......|..-+ 
Autumn..! w. | 13| sw. | 18| s. | 25|wsw.| 27| w. | 24] w. | 18 |......|--<« 
5 33 | wsw.| 30 |.....-|.00- 


Winter...' w. 


14 | 


s. | 20 | ssw. | 38 | ssw. | 20 | wsw. 








